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1 

2 SYSTEM AND METHOD FOR JOINT RESURFACE REPAIR 

3 
4 

5 FmiJ) OF ISE INVENTION 

6 This invention relates to devices and methods for fiie repair of defects that occur 

7 in articular cartilage on the sur&ce of bones, particularly the knee. 

8 BACKGROUND OF THE INVENTION 

9 Articular cartilage, found at tiie ends of articulating bone in the body, is typically 



10 composed of hyaline cartilage, which has many unique properties that allow it to function 

11 effectively as a smooth and lubridous load-bearing sur&ce. However, ^en injured, 

12 hyaline cartilage cells are not typically replaced by new h^dine cartilage cells. Healing 

13 is dependrat upon tiie occunence of bleeding fiom the underlying bone and formation of 

14 scar or reparative cartilage called fibrocartilage. While similar, fibrocartilage does not 

15 possess the same unique aspects of native hyaline cartilage and tends to be &r less 

16 durable* 

17 Hyaline cartilage problems, particularly in knee and hip joints, are generally 

18 caused by disease such as occurs with iheumatoid arthritis or wear and tear 

19 (osteoarthritis), or secondaiy to an mjmy, either acute (sudden), or recurrent and chronic 

20 (ongoing). Such cartilage disease or deterioration can compromise the articular sur&ce 

21 causing pain and further det^oration of joint function. As a result, various methods 

22 have been developed to treat and repair damaged or destroyed articular cartilage. 

23 For smaller defects, traditional options for this type of problem include non- 
24 operative ther^ies (e.g., oral medication or medication by injection into tiie joint), or 

25 performing a surgical procedure called abrasion ardiroplasty or abrasion chondralplasty. 

26 The principle behind tMs procedure is to atten^t to stimulate iiatural healing. At the 

27 defect site, tiie bone surface is abraded, removing ^^proximately 1 mm. or less using a 

28 high-speed rotary burr or shaving device* This creates an exposed subchondral bone bed 

29 that will bleed and will initiate a fibrocartilage healing response. Although this 
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1 procedure has been widely used over the past two decades and can provide good short 

2 term results, (1-3 years), tilie resulting fibrocartilage surface is seldom able to support 

3 long-term weight bearing, particularly in high-activity patients, and is prone to wear. 

4 Anotticr procedure, referred to as the **microftacture" technique, incorporates 

5 similar concepts ofcteating exposed subchondral bone. During ihe procedure, the 

6 cartilage layer of die chondral defect is removed. Several pathways or ••microfractures" 

7 are created to flie subchondral bleeding bone bed by impacting a metal pick or surgical 

8 awl at a minimum number of locations within the lesion. By establishing bleeding in the 

9 lesion and by creating a pathway to the subchondral bone, a fibrocartilage healing 

10 response is initiated, forming a replacement surfece. Results for this technique are 

1 1 generally similar to abrasion chondralplasty . 

12 Anotiier known option to treat darns^ed articular cartilage is a cartil^ 

13 referred to as a Mosaicplasty or osteoarticular transfer system (OATS) technique^ This 

14 involves using a series of dowel cutting instruments to harvest a plug of articular cartilage 

15 and subchondral bone from a donor site, which can tiien be inq)lanted into a core made 

16 into flie defect site. By repeating this process, transferring a series of plugs, and by 

17 placing them in close proximity to one anoflier, in mosaic-like fisishion, a new grafted 

18 hyaline cartilage surface can be established. The result is a hyaline-like surfece 

19 inteaposed with a fibrocartilage healing response between each graft. 

20 ITiis procedure is technically diflScult, as all grafts must be taken with flie axis of 

21 the harvesting coring drill being kept perpendicular to the articular surfece at the point of 

22 harvest Also, all graft placement sites must be drilled with tiie axis of a similar coring 

23 tool bemg kept prapendicular to flie articular surfece at flie point of implantation. Furflier, 

24 all grafts must be placed so that the articular surface portion of fliese cartilage and bone 

25 plugs is delivered to flie implantation site and seated at the same level as flie surrounding 

26 articular surfece. If fliese plugs are not properly placed in relation to tfie surrounding 

27 articular surfece, flie procedure can have a very detrimental effect on flie mating articular 

28 surfece. If the plugs are placed too fer below flie level of flie surrounding articular 

29 surface, no benefit from flie procedure wiU be gained Furflier, based on ttie requirement 
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1 of peipendiculaiily on all harvesting and placement sites, the procedure requires many 

2 access and approach angles diat typically require an open field surgical procedure. 

3 Finally, Has procedure requires a lengthy post-operative non-weight bearing course. 

4 Transplantation of previously harvested hyaline cartilage cells from the same 

5 patient has been utilized in recent years. After the cartilage is removed or harvested, it is 

6 cultured in the lab to obtain an increase ia the number of cells. These cells are later 

7 injected back into the focal defect site and retained by sewing a patch of periosteal tissue 

8 over the top offlie defect to contain &e cells wUle they bed and inature. The 

9 disadvantages of this procedure are its enormous expense, technical complexity, and Ike 

10 need for an open knee surgery. Further, this technique is still considered somewhat 

1 1 experimental and long-term results are unbaowiL Some early studies have concluded that 

12 this approach offers no significant improvement in outeomes over traditional abrasion 

13 and microfracture techniques. 

14 U.S. Patent No. 5,782,835 to Hart et aL discloses an apparatus and mefliod for 

15 repair of articular cartilage including a bone plug removal tool, and a bone plug 

16 enq)lacementtool. The method ofrepairing defective articular cartilage includes the 

17 steps of removing the defective cartilage and forming a hole of suflBcient depth at the site. 

18 A bone plug comprising intact bone and cartilage adhering thereto is removed fit)m a 

19 bone lacking defective cartilage is placed in the hole at the site of the damage. 

20 U.S. Patent No, 5,413,608 to Keller discloses a knee joint endoprosthesis for 

21 repladng the articular surfiices of the tibia conq)rismg a bearing part which is anchored 

22 on the bone having an upper bearing sur&ce and a rotatable plateau secured on the 

23 bearing surjEswe and formirig a part ofthe articular surface to be replaced A journal rises 

24 fix)m the bearing sur&ce and cooperates with a bore in the plateau to provide lateral 

25 support 

26 U.S. Patent No. 5,632,745 to Schwartz describes a method of surgically 

27 inq)lanting into a site a bio-absorbable cartilage repair assembly. The assembly mcludes 

28 a bio-absorbable polygonal T-shaped delivery unit havmg radial ribs to be mounted in flie 

29 removed area and a porous bio-absorbable insert supported by and in the delivery unit 
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1 The method comprises the steps of preparing the site to receive the assembly by 

2 removing a portion of the damaged cartilage and preparing the site to receive the 

3 assCTobly by drilling and countersmldng the bone. The assembly is mserted and seated 

4 using an inq^actor in the drilled and comitetsunk hole in flie bone until the assembly is 

5 flush with the surrounding articular sux&cg. 

6 U.S. Patent No. 5,683,466.to Vitale illustrates an articular joint surface 

7 replacement system having two opposing components. Each conqionent has a t^red 

8 headpiece for covering the end of abone and for acting as an articular surfice, an 

9 integrally formed screw stem of sufficient Iragfli to extend into the bone and inwardly 

10 angled bone grips on the underside ofthe head piece to aUowfbcati^^ 

11 compression fit Tlie partially spherical convex sh^d exterior of the first con5)onent 

12 complements flie partially spherical concave shaped exterior of tiie second component 

13 U.S. Patent No. 5,702,401 to Shaffer discloses an intra-articular measuring device 

14 including a hollow handle defimng a first passageway and a hollow tube having a second 

15 passageway extending from the handle, the hollow tube carrymg a projection at its distal 

16 end for seating on a fixed site and a probe disposed at the distal end of flie hollow tube 

17 which may be directed to a second site, to enable measurement of the distance between 

18 the first and second sites. 

19 U.S. Patent No. 5,7713 10 to Vannah describes a mefliod of mapping the three- 

20 dimensional topography of the surfece of an object by generating digital data pomts at a 

21 plurality of sample points on said surface, each digital data point inchiding a property 

22 value and a position value corresponding to a particular point representing the properties 

23 of die surfece of the object A 3-D transducer probe (e.g., a digitizer) is moved on or 

24 over the surface along a random path, and flie sample points are digitized to generate a 

25 real-time topogrjqphy or m^ on a compute screen of selected properties of the object, 

26 including without limitation, surfece elevation, indentation stiflfiiess, elevation of sub- 

27 surface layers and tenqperature. 

28 Prosthetics for total knee replacement (TKR), whereby the entire knee joint or a 

29 single con5)artment of flie knee jomt is replaced can be a common eventuality for flie 
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1 patient with a laige focal defect Although these patients are also managed wiftanti- 

2 inflammatoiy medications, eventual eiosion of tfie remaining articular cartilage results in 

3 effusion, pain, and loss of mobility and/or activity for the patient. Problems encountered 

4 after implanting such prostheses are usually caused by the eventual loosening of the 

5 prosthetic due to osteolysis, wear, or deterioration ofthe cements used to attach the 

6 device to the host bones. Further, some prosflieses used are actually much larger tiian tiie 

7 degenerated tissue that needs to be replaced, so that extensive portions of healthy bone 

8 are typically removed to accommodate the prostheses. Patients who imdergoTKR often 

9 ftce a long and difficult rehabilitation period, and tiie life span of tiie TKR is accepted to 

10 be ^proximately 20 years. Accordingly, efforts are made to forgo flie TKR procedure 
U for as long as possible. 

12 Accordmgly, tiierc is a need for an m5)roved jomt surfece r^lacement system 

13 fliat would be effective in restoring a smooth and continuous articular surfece and fliat 

14 would also be as durable as tiie former hyaline cartilage surfece, withm the context of a 

15 minimally invasive procedure tiiat allows for a nearly munediate return to activity, 

16 restoration of lifestyle, and pam relief. 
17 
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1 SUMMARY OF TBOEDWENTION 

2 Hie piesent invention provides tools and mettiods for noapping and measuring the 

3 articular surface of a joint (or of any bony surface) and for fabricating a prosfbetic device 

4 based on this recorded data. 

5 In one method consistent witiii the invention, once the defect of tiie chondral 

6 surface has been identified, a guide pin is inserted arthroscopically. A fixation screw 

7 having a tapered distal tip and an aggressive distal end thread form is then driven into the 

8 subchondral bone in relation to a reference axis that is approximately central to the 

9 defect The fixation device also serves to define a tangent point to the surrounding 

10 articular surfiice. The screw is driven by a socket type drivCT ftat engages a hex-shaped 

11 proximal extension. A fiirther cylindrical proximal extension oftiie screw (or other 

12 mating feature, e.g., a recess in the screw) that eventually serves as a fixation element for 

13 the surfece prosthetic is at tiiis time concealed with a cover (or oth^ mating feature 

14 corresponding to the mating feature of the screw, e.g., a plug for mating with a screw 

15 having a recess as its mating feature) having a radhisedproxiinal end. One or more 

16 milled slots run tiie length of the uniform diameter portion of flie screw. 

17 Under arthroscopic view, the screw depth is adjusted so tiiat the radiused cover 

18 surface is positioned tangent to the radius tiiat defines the existing articular surfeu» At 

19 this time, the guide pm is removed and the knee is articulated. The depth positioning of 

20 the radiused cover establishes an origin or reference point for all future measuring, 

21 cutting, and prosthetic machining operations. Arthroscopic examination is carried out to 

22 confirm positioning. 

23 A measuring tool is inserted on the reference axis. A central element of the 

24 measuring tool is a static post that establishes the axial location of origin. By rotating 

25 the outer arm or outrigger of the measuring tool relative to the static post while also 

26 maintalnitig contact with the articular surfece, an axial displacement or Z dimension can 

27 be established relative to the origin for any point along the known radial sweep of the 

28 outrigger to determine the final geqmetry of flie prosthetic surface which fits within the 

29 defect These Z dimensions can be recorded in real time with conventional dial gauge 
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1 indicators, or with distal recording devices, or by using marking techniques. Alliiough 

2 numerous points may be takai, ideally a minhnum number of pomts are taken to 

3 accurately define the target articular sur&ce. 

4 Locating surfeces or features created on the sa:ew, (or alternatively, on the radius 

5 cover, as described in alternative embodiments herein), correlate to some surfece or 

6 feature on the measuring tool and aUow the measurement of the rotational position of the 

7 pomts about the axis with respect to the locating surfaces. Data recorded during the 

8 m^ing procedure can tiien be entered into parametric engineering design software or 

9 similar algorithm to define a three dunensional surfece matehed to the bearing surfece 

10 geometry to be implanted and reproduce tiie anatomic contours mapped. 

1 1 An alternative measuring device for obtaining the articular surface dimension 

12 includes an outer markmg element and an inner recording element The marking element 

13 includes a sharp indenting mechanism which when pressed by the surgeon creates a 

14 depression or mark in the relatively soft surfece of flie recording element, which deforms 

15 at these marked pomts so that they can be utilized as patient data. The recording 

16 element also includes a surfece that corresponds to the surfece of the proximal extension 

17 of flie fixatiion screw. During the mapping procedure, data pomts are established of the 

18 rotational position of the mapped articular surfece relative to the screw. These data 

19 points are translated to the implant geometry so that the accurate rotational location of tiie 

20 unplant relative to the screw is maintained. 

21 hi order to secure the implant to the fixation screw, a precision ispesr (or other 

22 con5)onent of a mating feature) is machined into a protrusion (or other con^nent of a 

23 mating feature) on the back of the device. The mq)lant may be constructed of cobalt 

24 chromium, or other materials. The implant may also include a slight outward taper or 

25 protrusion along the diametrical surfece to enhance load bearing or load transfer 

26 properties ofthe implant to surrounding bone. Additionally, a series ofradial cuts may 

27 create surfaces that increase resistance ofthe in^plant to rotational forces. These features 

28 may be located around the outer diameter ofthe implant 
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1 la another aspect, the invention includes a compass instrument for measurement 

2 and surfece preparation of flie implant target site subsequent sizing of the implant This 

3 compass instrument is configured so that it can be delivered to the site arthroscopically, 

4 and when coupled to the axis defined by the guide pin it can be used for measuring and 
jS cutting operations. 

6 In another embodiment, the compass instrument consists of a handle, a cannulated 

7 shaft that extends through flie handle, and a cannulated distal offset arm configured to 

8 serve as a Imearly adjustable mounting tool for a series of cutting blades, boring blades, 

9 or measuring probes. 

10 With the guide pin advanced through the instnmient shaft, when fitted with a 

11 blade, a fixed length fiom the rotational or reference axis to the cuttmg blade's cutting 

12 surfiice is established. This defines the radius that is effected as the instnjment is rotated 

13 aroimd tiie guide pin, and corresponds to flie overall diameter of the implant This sharp 

14 * cutting blade is used to circumscribe and cleanly cut flie surrounding articular cartilage. 

15 In another aspect, the invention features a bone cutting or scoring instrument 

16 whereby the bone-cutting instrument is positioned on tiie guide pin reference axis and is 

17 used to prepare the target site to match in configuration and dimension the contacting 

18 surfece of the implant The matching fit between tiie bone surfeces of the prepared 

19 target site and flie bone contacting surfaces of the m^lant can advantageously ensure 

20 long term clmical results witii the mqplant, as poor quality of fit between bone surfeces 

21 and bone contactnig surfaces of traditional orthopedic prosthetic devices has heea noted 

22 to contribute to early clinical fiulures. 

23 Following febrication of the implant, a second surgical procedure is performed. 

24 The radiused cover is iCTioved essposing a precision taper (or, alternatively, the cover 

25 may be removed during the first procedure). A pin with a distally mounted element is 

26 placed through the central lumen of the fixation screw so tiiat the distally mounted 

27 element is secured into the screw. This element carries one or more suture strands ttiat 

28 now trail fix)m the fixation sarew. The sutures are ttientiureaded through tiie implant and 

29 a knot or bead may be created proximal to flie unplant By contmuing to manipulate and 
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1 tension Hie suture strands, the implant can be brought coaxial to the fixation screw. Once 

2 coaxial, the implant is aligned via engagement of the keyed elements and driven into 

3 place with a plastic driving rod and mallet Finally, throu^ the guide qierture on the 

4 sur&ce of the implant, bone cem^t may be injected to enhance ttie contact surface 

5 between the implant and the subchondral bone. 

6 In another aspect, the invention fiuiher features a driver whereby the inq)lant is 

7 connected to the driver via a holder and a tether element, such as a suture or wire. The 

8 implant and the driver are then inserted artfaroscopically. Tension is then applied to the 

9 tether element so that the implant is dmwn back and seated on the driver. Theinq)lant 

10 can then be controllably delivered to the prepared target site. The seat portion of the 

1 1 driver may comprise a material tiiiat may be impacted to seat the implant without 

12 damaging the in^>lant surface. 

13 In one aspect, a guide device for locatmg a guide pin or wire substantially normal 

14 with respect to an articular sur&ce of bone comprises a caimulated shaft having a distal 

15 end and a central longitudinal a^os; and a ring portion coupled to the distal end of the 

16 shaft, the ring portion comprismg a planar distal contact surftu:e comprising a plurality of 

17 points radially extending fiom any given point along the cesatrsl longitudinal axis of die 

18 shaft 

19 In another aspect a guide device for locating a guide pin or wire substantially 

20 normal with respect to an articular sur&ce of bone having an anterior-posterior (AP) 

2 1 curve and a medial-lateral (ML) curve conq>rises a cannulated outer shaft and a 

22 caimulated inner shaft Hie outer shaft has a central longitudinal axis and an outer 

23 component at its distal end, tiie outer component corc^rising a set of arms, and the 

24 cannulated inner shaft is slidably disposed within the cannula of the outer shaft, the inner 

25 shaft havmg an inner component at its distal end and sharing tiie central longitudinal axis 

26 of the outer shaft, the inner conq)onent comprising a set of arms. 

27 In method form, a method for replacing a portion of an articular sur&ce of bone 

28 comprises defining an axis generally normal to the portion of an articular surface of bone 

29 to be replaced; excising at least die portion to be replaced by cutting the articular surfece 
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1 radially symmetrically about tbe axis, diereby creating an racised portion of the articular 

2 sur&ce; selecting an implant corresponding to ttie dimensions of the excised portion from 

3 a set of variously-sized implants; and installing tiie selected implant into the excised 

4 portion. 

5 In method form, a method for replacing a portion of an articular sur&ce of bone 

6 having an anterior-posterior (AP) curve and a medial-lateral (ML) curve con^rises 

7 defining an axis generally normal to the portion of an articular surface of bone to be 

8 replaced using an anterior-posterior (AP) curve and a medial-lateral (ML) curve of the 

9 articular sur&ce; excising at least the portion to be replaced by cutting the articular 

10 sur&ce radially synmietrically about the axis, thereby creating an excised portion of the 

1 1 articular sur&ce; selecting an implant corresponding to die dimensions of the excised 

12 portion from a set of variously-sized implants; and installing the selected implant into the 

13 excised portion. 



14 In a fiirtiier aspect, a tool for holding an implant comprises an activatable suction 

15 source; and an elastomeric suction tip adapted to receive an implant; the tip being 

16 coupled to the suction source. 

17 In method form, a method for holdmg an implant comprises coupling a suction 

18 source to an inxplmt; and activatmg the suction source. 

19 In method form, a method for delivering an implant comprises coxq>ling a suction 

20 source to an implant; activating tiie suction source; approximating the inqilant to its 

21 delivery site; and applying a force to the implant in the direction of the delivery site. 

22 hi yet anotiio: aspect, a tool for removmg an implant from its delivery site 



23 comprises a cyUndrical structure havmg a distal end; the distal end comprising a 

24 longitudmal central axis, a circular blade portion having a leading edge comprismg a 

25 blade sur&ce turned on the distal-most portion, and a lip portion disposed proximally 

26 with respect to the leading edge; and a plurality of slits parallel to the longitudinal c^tral 

27 axis of the distal end formed along the lengdi of tiie cylindrical structure, so as to peimit 

28 sufQcient outward expansion of the distal end to accommodate tiie top edge of an inq)lant 

29 ttierein. 
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1 In method foim, a method for removmg an implant fix)m its delivery site 

2 comprises disposing the lip portion of the leading edge of the distal end of a removal tool 

3 over the iq)per edge of an inq>lant seated in its deUveiy site; and flying a pulling force 

4 to the removal tool. 

5 In still another aspect, a device for nu^ping a portion of an articular sur&oe of 



6 bone comprises a handpiece, an imier shaft, a contact tip, a rotaiy measuring element, and 

7 a linear measuring element The inner shaft runs along the Imgth of and is disposed 

8 within the handpiece and conq)rises a mating feature for mating with a fixed element 

9 located substantially normal with respect to an articular sur&ce. The contact tip is 

10 slidably and rotatably disposed about the inner shafL The rotary measuring element is 

11 coupled to and rotating with the contact tip^ The linear measuring element is nested 

12 concentrically and coaxially to Che rotaiy measuring element, and coi^led to and moving 

13 linearly with the contact tip. 

14 A g^eric bone inq)lant, or set of standardized unplants, may further be seated 

1 5 based on using a guide device to develop an axis normal to an articular sur&ce of bone 

16 and collecting only one or two data points. A generic cutting tool may be used to cut die 

17 bone to a point v/bsrc a generic implant can be used. Several improved tools relating to 

18 the procedure for using such an implant, as well as methods for using implants consistent 

19 with the invention are fiirther described hereinbelow, including: single-axis and biaxial 

20 drill guide tools and methods, generic single-axis implant methods and devices, graeric 

21 biaxial inqilant methods and devices, tools and methods for holding or delivering an 

22 implant, removal or revision tools and methods, digital measuring systems and methods, 

23 and set of measuring gauges for determining the appropriate implant dimensions. 
24 

25 DESCRIPTION OF THE DRAWINGS 

26 Figure 1 is a fi:agmentary side view of a knee having therein an ex^nplaiy 

27 assembled fixation device and inq>lant of the joint surface repair system surgically 

28 implanted by the method in one embodiment of die present invention; 
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1 Figure 2a is an exploded side view of an exenq>laiy fixation screw and hex- 

2 shaped pioximal extension in one embodiment of the present invention; 

3 Figure 2b is an esqploded pospective view of an exemplary fixation screw and 

4 hex-shaped proximal extension in one embodiment of the present invention; 

5 Figure 3a is a side view of an exemplary assembled fixation screw and hex shaped 

6 extension in one embodiment of the present invention; 

7 Figure 3b is an exploded perspective view of another exenqplaty fixation screw 

8 and inq)Iant in one embodiment ofthe present invention; 

9 Figure 4a is a perspective view of the xsppet surbce of an exemplaiy inQ)lant in 

10 one embodiment of flie present invratioi^ 

1 1 Figure 4b is a side view of an exenq)laiy in^lant in one embodiment of flie 

12 present inventioi^ 

13 Figure 4c is a perspective view ofthe lower sur&ce of an exemplaiy iaq>lant in 

14 one embodiment offiie present invention; 

15 Figure Sa is a side view of an exemplary assembled fixation device and implant in 

16 one embodiment of die present invention; 

17 Figure 5b is a perspective view of an assembled fixation device and inq>lant in 

18 one embodiment of the present invention; 

19 Figure 5c is a perspective view of tiie upper sur&ce of an exenq)lary implant, in 

20 one embodiment ofthe preset invention; 

21 Figure 5d is a perspective view of die lower surface of an exemplary mq)lant, in 

22 one embodiment ofthe preset inventioi^ 

23 Figure 6a is a sectional view of a knee having damaged articular cartilage, 

24 showing an exeiiq)lary guide pm drilled into the central portion of the defect and an 

25 arthroscope being disposed adjacent thereto, in a surgical procedure consistent widi one 

26 embodimmt ofthe present invention; 

27 Figure 6b is a side view ofthe distal tip of an exen^lary drill device for boring a 

28 pilot hole to receive an exemplary fixation screw, in one embodiment ofthe present 

29 mymtion; 
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1 Figure 7a is a sectional view of a knee having dantiaged articular cartilage, 

2 showing an exemplary fixation soew being driven into flie defect by an exemplary socket 

3 type driver arranged on tiie guide pin, in a surgical procedxire consistent with one 

4 embodiment of the present invoation; 

5 Figure 7b is a side view of the exemplary fixation screw, socket type driver and 

6 guide pin of Figure 7a, illustrating the hex shq)ed proximal extension in a cross-sectional 

7 view, in a surgical procedure consistent with one embodiment of the present invention; 

8 Figure 8a is aperspective view of aknee having damaged articular cartilage, 

9 showing an exemplary fixation screw and hex-sh^ed proximal extension implanted in 

10 the defect after removal of an exemplary socket type driver and guide pin, in a surgical 

1 1 procedure consistent witii one embodiment of the present invention; 

12 Figure 8b is a sagital view of the exen^lary fixation screw and hex-shaped 

13 proximal extension of Figure 8a inq)lanted in the defect after removal of an exemplary 

14 socket type driver and guide pm, in a surgical procedure consistent with one enibodunent 

15 of the present inventioc^ 

16 Figure 8c is a perspective view of an exemplary fixation screw, proximal 

17 extension and cover, in one embodiment of the present invention; 

18 Figure 9a is a sectional view of an exCTiplary fixation screw and hex-shaped 

1 9 proximal extension inqilanted in tiie defect witii tiie exemplary guide pin replaced and an 

20 exemplary measuring tool ananged thereon, in a surgical procedure consistent with one 

21 embodiment of the present invention; 

22 Figure 9b is a side partial cross-sectional view of the exemplary fixation screw 

23 and hex-shaped proximal extoision of Figure 9a imqplanted in flie defect with the 

24 exemplary guide pin replaced and an exenq)lary measuring tool arranged thereon, in a 

25 surgical procedure consistent with one embodiment of the present invention; 

26 Figure 9c is a perspective view of an exenq)lary fixation screw and proxunal 

27 extension, with the cover removed, in one embodiment of die present inventior^ 

28 Figure 10a is a sectional view ofan exemplary fixation screw and hex-shaped 

29 proximal extension implanted in the defect, after removal of flie hex-sh^ed proximal 
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1 Kctension, with an exemplary pin and suture strands placed flieirediiough, in a surgical 

2 procedure consistent with one embodiment of tbe present invention; 

3 Figure 10b is a side partial cross-sectional view of the exemplary fixation screw 

4 and hex-sheqped proximal extension of Figure 10a, inq)lanted in the defect, with an 

5 exemplary pin and suture strands placed thereOuxiugh, in a surgical procedure consistent 

6 with one embodiment of the present invention; 

7 Figure Ua is a sectional view of an exenqplary fixation screw implanted in the 

8 defect, with an exemplary pin and suture strands placed Aerethrough, showing the 

9 implanted fixation screw with file implant being tensioned on the suture strands, in a 

10 surgical procedure consistent with one embodiment of the present invention; 

1 1 Figure 1 lb is a partial cross-sectional view of the exemplary fixation screw of 

12 Figure 9a implanted in flie defect, showing the implant positioned in the interchondular 

13 notch, in a surgical procedure consistrat with one embodiment of the present invention; 

14 Figure 12 is a sectional view of an exenq)lary fixation screw unplanted in tiie 

15 defect, wherein, after placement of the implant and removal of the suture strands, the 

1 6 inq)lant is driven mto place with an in^pactor and hammer, in a surgical procedure 

17 consistent with one embodiment of the present invention; 

18 Figure 13 is a side cross-sectional view of an exemplary fixation screw inq>lanted 

19 m the defect, after placement of the implant, wherein, after removal of the impactor and 

20 hammer, cement is injected between the implant and the bone, in a surreal procedure 

21 consistent witii one embodiment of the present invention; 

22 Figure 14a is a schematic representation of the two datum curves used to define a 

23 patient-specific three-dimensional sur&ce for construction of the articular or lower 

24 sur&ce of an in^lant in one embodiment of the present invention; 

25 Figure 14b is a top view of an exemplary hex-shaped proximal extension in one 

26 embodiment of die present invention; 

27 Figure 14c is a perspective view of the bone-contacting or upper sur&ce of an 

28 exemplary inq>lant, in one embodiment of the present invention; 
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1 Figure ISa is a perspective view of an exenq)lary compass instrument, in one 

2 embodiment offhe present invention; 

3 Figure ISb is a perq>ective view of tiie distal of&et arm of an exemplary coiiq)ass 

4 instrument and cutting blade to be mounted thereon, in one embodiment of the present 

5 invention; 

6 Figure ISc is a perspective view of an eKemplary driver, showing an exemplary 

7 implant on an exemplary tetiier element, in one embodiment of the present inventioi^ 

8 Figure ISd is a perspective view of an exemplary driver, showii^ an exemplary 

9 implant tensioned on an exemplary tether element, in one embodiment of the present 

10 invention; 

11 Figure 16 is a perspective view ofanexenq)lary compass iiistrument and cutting 

12 blade mounted on an exemplary guide pin, in one embodiment of the present invention; 

13 Figure 17a is a perspective view of another exemplary cutting blade, in one 

14 embodiment ofthe present invention; 

15 Figure 17b is a perq)ective view of an exemplary measuring probe, in one 

16 embodiment ofthe present invention; 

17 Figure 17c is a perspective view of an exemplary multi-&ced blade mounted in 

18 the distal olBGset arm of an exenq)lary con^ass instrument, in one embodiment ofthe 

19 present mventioi^ 

20 Figure 18a is a perspective view of an exemplary site preparation and cutting 

21 device, in one embodimeot of Ae presait invention; 

22 Figure 18b is a cross sectional view of the exen^lary site prqparation and cutting 

23 device of FigurelSa, in one embodknent ofthe pres^ invention; 

24 Figure 18c is a perspective view of another exenq)lary site preparation and cutting 

25 device, in one embodimmt ofthe present invention; 

26 Figure 18d is a side view of anotiier exenq)lary site preparation and cutting 

27 device, ia one embodiinent of the present inventioi^ 

28 Figure 18e is a perspective view of another exemplary site preparation and cutting 

29 device, in one embodiment of the present inventioi^ 
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1 Figure 19a is a sectional view of Ibe upper suiface of an exemplaiy implant, in 

2 one embodiment of the present inventioi^ 

3 Figure 19b is a side view of a portion of the exemplary iiqplant of Figure 19a, in 

4 one embodimmtofthe present invention; 

5 Figure 19c is a perspective view of flie upper surface of the exemplary implant of 

6 Figure 19a, in one embodiment of the present invention; 

7 Figure 19d is an exploded persfpective view of another exemplary implant witii 

8 taper lock ring, washer and suture, in one embodiment of the present invention; 

9 Figure 19e is a top perspective view of the exenqilaiy implant of Figure 19d 

10 seated in tiiels^ lock ring, in one onbodiment of the present invention; 

11 Figure 19f is a bottom perspective view of the exeaq>laty inq)lant of Figure 19d 

1 2 seated in the t^)er lock ring, with washer and suture, disposed within an incision near the 

13 defect site, in one embodiment of the present invention; 

14 Figure 19g is a perspective view of the exemplary implant of Figure 19d seated in 

15 the taper lock ring, with washer and suture, herein the suture is threaded tbrougih an 

16 aperture at the distal end of a seating tool, at a first point in time during the process of 

17 seating tiie in^lant into the defect site, in one embodiment of the present invention; 

18 Figure 19h is ano&er perspective view of the exemplary implant of Figure 19d 

19 seated in the taper lock ring, witii washor and suture, wherein the suture is threaded 

20 through an q)erture at tiie distal end of a seating tool, at a second point m time during the 

21 process of seating the implant into the defect site, in one embodiment of the present 

22 invention; 

23 Figure 19i is anoflier perspective view of tiie exemplary fanplant of Figure 19d 

24 seated in the t^r lock ring, wherein the distal end of a seating tool is disposed onto the 

25 implant, at a third point in time during tiie process of seating the implant into the defect 

26 site, in one embodunent of tiie present invention; 

27 Figure 20a is a perspective view of an exenq)lary inner recording element of an 
.28 exOTtplary measuring device, in one embodiment of the present invention; 
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1 Figure 20b is aperq)ective view of an exemplary outer mai^ ; 

2 exemplary measuring device, in one embodiment of the present invention; 

3 Figure 20c is a cross-sectional perspective view ofan exemplary measuring 

4 device showing an exen^lary inner recording element and an exenq)lary outer marking 

5 element, in one embodiment offliepr^ent invention; 

6 Figure 20d is an ^loded perspective view of another exenq>lary measuring 



7 device, in one embodiment of the present invention; 

8 Figure 20e is a perspective view of the exemplary measuring device of Figure 

9 20d, illustrating an exraiplary scroll alignmrat feature, in one embodiment of the present 

10 inventioi^ 

1 1 Figures 20f and 20g are side views of the exraiplary measuring device of Figure 

12 20d iUustrating tiie translational motion of the handle witii respect to the tip of the device, 

13 in one embodiment offlie present invention; 

14 Figure 20h is a perspective view ofthe distal end ofthe exemplary measuring 

15 device of Figure 20d, in one embodiment of the present invention; 



16 Figure 20i is a perspective view ofthe distal end of tiie exenq?lary measuring 

17 device of Figure 20d with outer element, disposed upon-the inner element engaging a 

18 mating feature of the screw, in one embodiment ofthe present invention; 

19 Figure21 isaperq)ectiveviewofanexen^laryimitaryinq)lant,inone 

20 embodiment ofthe present invention; 

21 Figure 22 is a perspective view of a defect site with a keyed aperture for receiving 

22 the exen^ilary unitary implant of Figure 21, in one embodiment ofthe present invmtiory 

23 Figure 23 is a perspective view of an exemplary composite implant, in one 



24 embodiment ofthe present invention; 

25 Figure 24 is a perfective view of another exemplary con5)osite in5)lant, in one 

26 embodiment ofthe present invention; 

27 Figure 25 is a perspective view ofan exemplary inqjlant iUustrating the geometry 

28 of said fanplant for use in an algorithm for establishing minunum implant fliickness, in 

29 one embodimmt of Ae mvention; 



17 



wo 03/051211 



PCTAJSOl/48821 



1 Figure 26 is a perepective view of an exen5)laiy implant illustrating the geometry 

2 of said implant for use in an algorithm for establishing minmium implant Sickness, m 

3 one embodiment of the inventioI^ 

4 Figure 27a is a peiispecti^ve view of an exenq>laiy drill guide device in an 

5 exemplary generic bone inqplant embodiment of die present invention; 

6 Figure 27b is a perspective view of another exemplary drill guide device in an 

7 exenq)lary generic bone implant embodiment of the present mvention; 

8 Figure 28a is a top sectional view of the anterior-posterior plane of an articulating 

9 surfece in an exemplary generic bone implant embodiment of the present invention; 

10 Figure 28b is a side sectional view of the medial-lateral plane of an articulating 

11 surface in an exemplary generic bone ixnplsat embodiment of the present invention; 

12 Figure 29 is a perspective view of tiie use of an exemplary drill guide in an 

13 exemplary generic bone implant embodiment of the present invention, as flie drill guide is 

14 brougjit up to a lesion site of the articulating surfece; 

15 Figure 30 is a perspective view of the use of an exemplary drill guide in an 

16 exemplary generic bone inq)Iant embodiment of the present mvention, as die drill guide is 

17 seated into position and a gmdepm is driven through die drill guide; 

18 Figure 31 is aperspective view of die articulating surfece in an exenq)lary generic 

19 bone implant embodimCTt of the present invention, as a bone drill is passed over the 

20 guide pin to oreate a pilot hole for the screw; 

21 Figure 32 is a cross-.sectional view of die articulating surfece m an exemplary 

22 generic bone inq)lant embodiment of die present invention, as the screw is driven into the 

23 pilot hole with a cap positioned into die screw; 

24 Figure 33 is a cross-sectional view of die articulating surface in an exemplary 

25 generic bone inqplant embodiment of die present invention, as die cap is removed and a 

26 rod is inserted into die screw, and the guide is positioned back over die rod and returned 

27 to its position in contact with the articular surfece; 
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1 Figure 34 is a side perspective view of fhe ardculatiixg sm&ce in an exemplary 

2 genetic bone inq)lant embodiment of the present invention, as fiie guide is used to tate a 

3 depdimeasur^rat needed for implant geometiy; 

4 Figure 35 is a top perspective view of the lower sur&ce of an exemplary implant 

5 in an exemplary generic bone implant embodiment of the present invention; 

6 Figure 36 is a side perspective view of an exemplary implant in an exemplary 

7 generic bone implant embodiment of tiie present invention; 

8 Figure 37 is a side perspective view of another exemplary in^lant in an 

9 exen(q>laiy ganeric bone implant embodiment of the present invention; 

10 Figure 38 iis a perspective view of the articulating sur&ce m an exernplary generic 

1 1 bone implant embodiment of fhe present invention, as the implant site is reamed with a 

12 cutting/reaming tool in preparation for receiving an inqplant; 

13 Figure 39 is a top perspective ^ew of an alternative exemplary cutting/reammg 

14 tool in an exemplary generic bone implant embodiment of the present invention, 

15 Figure 40 is a side perspective view of an exemplary cleanmg tool for cleaning 

16 the female t^er of the screw prior to delivery of the iixq)lant, in an exenq>lary generic 

17 bone implant embodiment of the present invention; 

IS Figure 41 is a side perspective view of an exemplary suction tool for holding and 

19 delivering the unplant, in an exemplary generic bone inq>lant embodiment of the present 

20 inventioi^ 

21 Figure 42 is a side perfective view of an exemplary suction tool holding an 

22 implant in place, in an exemplary generic bone inqplant embodiment of fhe present 

23 mventiot); 

24 Figure 43 is a side cross-sectional view of an exemplary suction tool holding an 

25 implant m place, with an mq)lant in place, in an exenq)lary generic bone iniplant 

26 embodiment of tiie present inventioi^ 

27 Figure 44 is a top perspective view of fhe articulating surface in an ex^nplary 

28 generic bone implant embodunent of fhe present invention, with tiie implant driven into 

29 its final position; 
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1 Figure 45 is a side perspective view of an exeiqplary removal/revision tool in an 

2 exemplary graeric bone in^lant embodim^t of the present invration; 

3 Figure 46 is a side perspective view of an exenq)lary removal/revision tool, with 

4 an implant m place, in an exenq)lary generic bone ]nq)lant embodiment of the preset 

5 invention; 

6 Figure 47 iUnstrates an exemplary alternatively-keyed embodiment of the screw 

7 and the exen^)lary alternatively-keyed implant to winch it is adapted to mate, in an 

8 exemplary embodiment of the present inveation; 

9 Figure 48 illustrates a side cross-sectional view of an exen^lary alternatively* 

10 keyed embodiment of flie screw, m an exemplary embodiment of tiie present invention; 

11 Figure 49 illusttates a side perspective view of the articular surface of a lesion site 

12 and an exenqplary biaxial measuring tool for developing an axis normal to tiie articular 

13 sur&ce, in one embodiment of the present ULvention 

14 Figure 50 illustrates another side perspective view of the articular sur&ce of a 

15 lesion site and an exemplary biaxial measuring tool for developing an axis normal to the 

16 articular surface, in one embodiment of the present invention; 

17 Figure 51 illusttates a side e^loded view of an exenq)lary biaxial measuring tool, 

18 m one embodiment of the present inventioi^ 

19 Figure 52 illustrates a top perspective view of ttie distal end of an exemplary 

20 biaxial measuring tool in a fiLrst position, in one embodiment of the present invention; 

21 Figure 53 illustrates a top perspective view of flie distal end of an exemplary 

22 biaxial measuring tool in a second position, in one embodiment of the present invention; 

23 Figure 54 illustrates an exemplary digital measuring system in one embodiment of 

24 the present invention; 

25 Figure 55 iUustrates an e7q)loded perspective view of an exemplary han^iece in 

26 an exemplary digital measuring system in one embodiment of the present invention; 

27 Figure 55a illustrates a top perspective cutaway view of an exemplary printed 

28 linear index strip passing through an exemplary linear head for reading, in an exemplary 
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1 handpiece in an cKemplary digital measuring systen in one embodiment of the present 

2 inventioi^ 

3 Figure 55b illustrates a top perspective cutaway view of an exemplary printed 
' 4 rotary index strip passing through an eKenq)lary rotary head for reading,!^ 

5 han(^iece in an Gxsmphay digital measuring system in one embodiment of the present 

6 invention; 

7 Figure 55c illustrates an ^enqilary linear index strip in an exeiiq>lary hanc^iece 

8 in an exemplary digital measuring system in one embodiment of the preset invention; 

9 Figure 55d illustrates an exenq)lary rotary mdex strip in an exemplary handpiece 

10 m an exemplary digital measuring system in one embodiment of the present invention; 

1 1 Figure 56a illustrates a side perspective view of an ex^plary handpiece with the 

12 probe assembly removed, in an exemplary digital measuring system in one embodiment 

13 ofthe present invention; 

14 Figure 56b illustrates a side perspective view of an exen9>lary handpiece, 

15 including tiie probe assembly, in an exemplary digital measuring system in one 

16 embodiment ofthe present invention; 

17 Figure 57 illustrates a top praspective view of an assembled exemplary handpiece, 

18 in an exemplary digital measuring system in one embodiment ofthe present invention; 

19 Figure 58 illustrates a side perspective view of an assembled exemplary 

20 handpiece, in an exenq)lary digital measuring systrai m one onbodiment ofthe present 

21 invention; 

22 Figure 59 illustrates a top cross-sectional view of an assembled exemplary 

23 hanc^iece, in an exemplary digital measuring system in one embodiment of the present 

24 invention; 

25 Figure 60 illustrates a side cross-sectional view of an assembled exemplary 

26 handpiece, in an ^emplary digital measuring system in one embodiment ofthe presmt 

27 inventioiu and 

28 Figure 61 illustrates a side cutaway perspective view of an exemplary base unit, in 

29 an exemplary digital measuring system in one ^bodiment of the present invention. 
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1 DETAILED DESCRIPTION OF THE EMBODIMENTS 

2 As an overview, Figure I shows a surgically inqpldnted articular joint surfece 

3 repair system consistCTLt with the present invention. As shown, ttie assembled fixation 

4 • device iacludes fixation screw 10, inq)lant 40, and anchoring pm 5, implanted in the 

5 defect m tibie medial femoral chondral surfece 55 of knee 50. Implant 40 is configured so 

6 that bearing or bottom surface 41 of the inq>lant reproduces die anatomic contours of the 

7 surrounding ardcular surface of the knee 50. 

8 As illustrated in Figures 2a, 2b and 3a, fixation screw 10 comprises threads 12 

9 running Aelengfliofflie screw firm tiered distal ^11 to hex-di^)ed^^ Inthe 

10 embodiment shown, the screw inchides a tapered distal end 1 1, and aggressive distal 

11 threads 12, so that, as screw 10 is driven into the subchondral bone 100 (as shown in 

12 Figure 7a) the screw dilates opca and radially conq)ress the subchondral bone, increasing 

13 its local density and thereby increasing the fixation strength of the screw. The screw 10 

14 may tq)CT down to the distal end 11, and the diamet^ of tide screw may become greater 

15 and more uniform at the cento: tihereoi^ so that adjustment of the depth of the screw 10 

16 with respect to the subchondral bone 100 does not significantly further increase or 

17 decrease the compression of the subchondral bone. 

18 One or more milled slots 13 run the length ofthe uniform diameter portion of the 

19 screw 10. Slots 13 ensure that as heahng or tissue in-growfli begms, migrational or 

20 rotational movement of die screw is inhibited. The screw 10 is configured to be driven 

21 by a female or socket type driver 2 as shown in Fig. 7b, vMch engages a hex-shaped 

22 drive 15 located toward the proximal end 17 of die S(OTW. A cylmdrical proximal 

23 extension 14 (which may, altematively, be a recess 303 which mates wifli a plug or other 

24 protrusion on the implant sui&ce, as shown m Figure 8c) extends fiom hex-sh^d drive 

25 15, which eventually serves as a fixation client for sur&ce prosthetic inQ>lant 40. 

26 Through hole 16 runs through the central axis ofthe screw. Hex-sh2?)ed cover 30 (which 

27 may, altematively, be a phig 301, for mating with a fixation element 302 having a recess, 

28 as shown, e.g., in Figures 3b, 8c, and 9c, and described in the following paragr^h) is 

29 configured to eng^e the cylindrical proximal extension 14 ofthe screw 10 to prevent 
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1 e^qposuieoffhecyliiidricdexteasionfomii^ Thehex- 

2 sh^>ed cover 30 is finished with a ladiused proximal end 31 that assists in the visual 

3 detennmationoftfaecone(^dq>th setting of the saw. Through hole 32 in Ihehex- 

4 shaped cover 30 corresponds with through hole 16 in the fixation screw 10. 

5 " Alternatively, as shown in Figures 3b, 8c, and 9c, the female-shaped cover may 

6 mstead be a plug 301 having a male-shaped mating componeot 305, for mating with a 

7 fixation element 302 of a screw 10* having a recess 303, Additionally, the shape of the 

8 cover and plug, or other recessed, protmding, or mating conq)oneats may be other tiian 

9 hexagonal, and tiiose in the art will recognize that one of any number of Shapes or 

10 configurations for such components may be employed in a device or method consistent 

1 1 with the invention. 

12 Also, y/bUe many of the conq>oneats described herein are cannulated, having 

13 guide apertures, through holes, and/or central lumina along their lengtii, for disposing 

14 such components about a guide rod for proper location of the components with respect to 

15 the articular surfitce, it should be recognized that a suture 3 13 or other flexible element, 

16 or other guide feature may be used m place of a guide rod, or a guide rod or whe may be 

17 elimmated altogether fix>m one or more stsps consistent with the mvention described 

18 hereuL As shown m Figure 8c, tiie suture 313 may be fixedly or removably attached to 

19 the plug 301. 

20 As shown m Figures 4a, 4b and 4c, inq>la2it 40 comprises lower bearing sur&ce 

21 41, top surface 42 and protrusion 45 located centrally on the bottom surface. As the top 

22 sur&ce 42 of the implant 40 is not a bearing isur&ce, and instead is fixed into subchondral 

23 bone 100, a series of stepped machme cuts 43 following tiie contours of the defect are 

24 created. By creating stqqpedinachine cuts 43 a contoured contact surface matc^ 

25 defect in the subchondral bone 100 is created. This contact surface results in an increased 

26 sur&ce area that should enhance resistance to loosening of the implant 40 via rotational 

27 or translational loading. In tiie illustrated embodim^t, the stepped cuts are shown as 

28 square cross-section cuts, but tiie cuts may be circular, triangular, or another 

29 configuration. 
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1 In order to secure the in^lant 40 to the fixation screw 1 0, precision taper 44 is 

2 machined into or onto a protriision 45 on &e top sur&ce 42 of the implant The 

3 precision taper 44 is configured to engage the cylindrical proximal extension 14 of tiiie 

4 screw 10, once flie hex-shaped covor 30 has beai removed therefirom. Taper 44 may be 

5 rnated with extension 14 so that a fiiction fit is provided between these surfiu)^ The 
6- assembled fixation device is shown in Figures 5a and 5b. Altmiatively, other 

7 engagement medianisms such as snq>-fitSy press-fits, threads, or coupling elements, for 

8 example, may also be used. In one embodiment, leading pin 47 arranged on the 

9 protrusion 45 assists penetration into subchondral bone. Also, in one embodiment, guide 

10 ^erture 46 passes dnough the top 42 and bottom 41 sur&ces of the implant 40, just 

11 slightly oflFcenterofthe reference axis 20A. Alternatively, guide £?)erture 46 may be 

12 located in the center of the implant 40 and corresfponds to tinough hole 16 running 

13 through the central lumen in ttie fixation screw 10. Bone conent may be injected 

14 through guide sqperture 46 on the surface of the inqilant 40 and through hole 16 in the 

15 fixation screw 10, to enhance die contact sur&ce between the device and the subchondral 

16 bone. In one embodiment, the implant is constnicted of cobalt chronuuin,d^^ 

17 materials may be used, including implantable plastics. Additionally, biologically active 

18 coatings or sur&ce treatments (e.g., to enhance bone ingrowth or improve wear 

19 properties) may be utilized or combined as lanimates, particular^ with respect to the 

20 bearing surfiices and bone contacting sur&ces. Further exenq>lary materials that may be 

21 used in fabricating an inxplant consistmt with the invention are described hereinbelow. 

22 As shown m Figure 3b, it is noted that predsiontqier 44 may be a male-shaped 

23 component 304 instead ofthe above-described fenialeconq)onent 44. In this 

24 configuration, the male-shaped conq)onent 304 of the unplant 40' is configured for 

25 mating with a fixation element 302 of the screw 10' having a recess 303 adapted to 

26 receive the male-shq)ed con9)onent 304. 

27 By way of exanq)le. Figures 6a-13 depict one exenq)lary joint surface 

28 methodology of tiie present invention. Figure 6a shows a focal defect 1 of the articular 

29 surfece 55 of tiie femoral chondyle bone of die knee 50. This defect is identified by 
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1 artiiroscope 25 inserted in the area of the defect 1 during a diagnostic arthroscopy or 

2 surgical arthroscopy- The disclosed surgicd intervention begins by drilling a guide pm 

3 20 defining reference axis 20A mto the central portion of the defect 1 via an incision 200 

4 typical of arthroscopic procedures. Placement ofthispm may be done usmg visual, 

5 fteehand techniques, or may be located centrally by usmg outer element 71 of a 

6 measurmg tool 70 (as shown in Figures 9a and 9b), or other aiming device or technique, 

7 to define a center. This reference axis 20A serves to establish a working axis located 

8 central to the defect 1 for flie procedures tiiat follow, and arthroscope 25 may be used to 

9 view the joint for purposes of establishing a reference axis 20A generally perpendicular 

10 to and bisecting the existing articular surfece 55 defined by radii 60 and 61, as shown m 

11 Figure 8b. Referring to Figure 7a, 7b, 8a and 8b, fixation screw 10 and hex-shq)ed cover 

12 30 are driven mto the defect 1 in the subchondral bone 100 by socket-^e driver 2 

13 mounted over (i.e., about) guide pm 20 located on reference axis 20A. Under 

14 arthroscopic view, the depth of fixation screw 10 may be adjusted by driver 2 so fliat tiie 

15 bottom of the radhised surfece 31 of the hex-shaped cover 30 is positioned tangent to the 

16 radii 60 and 61 that define the existmg articular surfece 55. The guide pin 20 is removed 

17 and flie knee 50 is articulated through its range of motion to ensure that the height of the 

18 radiused surfece 31 of the hex-shaped cover 30 is proper, smce the prosthetic surfece 41 

19 oftheknplant 40 is CTeated also to be tangent to this radiused su^ Thedqpth 

20 positionmg of the radiused surfece 3 1 of the hex-shaped cover 30 establishes a point of 

21 origin or a refCTcnce pomt for all fiiture measurmg and machining operations. 

22 Arthroscopic examination may be carried but from multiple arthroscopic views to 

23 confirm positioning. 

24 A drill mechanism 306, as illustrated m Figure 6b, may be used to bore a pilot 

25 hole for receiving a fixation screw 10 (as shown, e.g., m Figures 2a, 2b and 3a). As 

26 shown, tiie drill may have a shank portion 307 and a bit portion 308. The bit portion 308 

27 may include a sphal or parabolic fluted tip 309 having proximal 310, medial 31 1, and 

28 distal 312 portions. The root diameter at Remedial portion 311 is substantially equal to 

29 tiie diameter of the fixation screw 10, and tiie diameter decreases as the distal portion 3 12 
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1 tapers away firom the shank 307. The proximal portion 3 10 of the bit 308 may be used as 

2 a visual indicator during drilling, to detmnine the point at which ike proper bore deptibi 

3 has been attained. The driU mechanism nmy have a central hmien (not shown) having a 

4 diameter slightly greater fhandie diameter of the guide pin 20 (as ilhistrated in Figure 6a) 

5 running along its length, so that, with the guide pin 20 in place, the drill 306 may be 

6 disposed about the guide pin 20 during drilling to ensure proper location of the pilot hole 

7 with respect to the articular surfece 55. Alternatively, a self-drilling or self-tapping 
S screw, may be xised, as those skilled in the art will recognize. 

9 * For surface preparation and accurate measurement oftheinq>lant site and the 

10 subsequent sizing of the intplant, instrument 120 is provided. The compass instrument 

11 1 20 may be configured to serve as a mounting tool for a number of fimctional blades or 

12 tips and when located about the axis 20A, via guide rod 20, may be used for measuring 

13 and cutting operations. In the embodiment shown in Figure ISa, compass instixunent 120 

1 4 includes handle 1 1 0, a cannulated shaft 1 1 1 that extends duxnigh the handle, and a 

15 cannulated distal ofiset arm 112. The instrument may be rigid in construction and may 

16 be a durable reusable and resterilizableinstmment The distal of&et arm 112 is 

17 configured so that it can be introduced into a site ttuough an incision 200 typical of an 

18 arthroscopic procedure. Once the distal ofi&et arm 112 has fiilly penetrated the incision 

19 and enters the site, shaft 1 1 1 can be angularly repositioned so tibat it becomes more 

20 coaxial to tbe refermce axis 20 A and advanced in-line with the reference axis 20 A 

21 towards the iiiq)lant target site. While performing this maneuver to position file 

22 conq)ass instrument 120, the guide pin 20 should be removed fix>m its position in die 

23 defect 1. When compass 120 is in its pnq>er position at or near the hxiplant target site, the 

24 guide pin 20 is delivered through the instrument camnilation 1 13, re-establishing the 

25 working (reference) axis 20A used to define tiie implant geometry. 

26 Referring to Figure ISb, within of&et arm 1 12 is a slotted sur&ce 1 14 for 

27 engaging a series of cutting blades 121, boring blades 124, or measuring probes 122. The 

28 slots 1 15 are configured so that said series of cutting blades 121, boring blades 124 

29 (^igarc 17c), measuring probes 122, 123 (Figures 17a, 17b), or like elements majr be 
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1 pardally constraaned or fixed in position such that fh^ may be adjusted linearly along the 

2 length of the slotted surface 1 14 over a defined distance of traveL Intersecting flie plane 

3 of travel defined by slotted sur&ce 1 14 and slots 1 15, is the cannuladon 1 13. 

4 As iUustrated in Figure 16, when fitted with a cutting blade 121, and with the 

5 guide pin 20 advanced tfarou^the shaft 113 of instrument 120, so that the guide pm 

6 passes through a closely sized hole 1 16 in the cutting blade, the blade's position becomes 

7 fully constrained When constramed in fliisfeshion, a fixed Imgthfirom the rotational or 

8 reference axis 20A to tiie cutting surfece 1 17 of cutting blade 121 is established. This 

9 defines tiie radhis that is efifected as tiie instrument 120 is rotated around the guide pm 20, 

10 and corresponds to the overall diameter of tiie implant 40 that is delivered to flie fully 

1 1 prepared site. The cutting blade 121 is used to circumscribe and cleanly cut the 

12 surrounding articular cartilage. 

13 In an alternative embodiment, as shown in Figures, 17a and 17b, blade 123 and 

14 measuring probe 122, respectively, may have multiple holes 118 that defines that 

15 probe/blade's functional diameter. Inaddition, the blades may be specifically configured 

16 so that staged or sequential cuts of varymg depths and diameters can be performed within 

17 tiie procedure. Also, such a blade can be configured by providing a readable scale 1 19 

18 corresponding to the hole 118 pattern, so that flie surgeonmay detemune and set the 

19 appropriate diameter as needed by positiomng the guide pm 20 m tiie corresponding hole. 

20 As the readable scale 1 19 may be located on tiie blade 123 witii respect to the blade's 

21 cutting surface 117, a high degree of positional accuracy may be achieved as flie scale 

22 may be defined specifically for each ^ of blade. This j?)proach creates an inejq>ensive 

23 means of providing sharp blades of varying diameters and varying blade types wifliout a 

24 large inventory of size- and type-specific blades. Referring to Figure 17b, rounded tip 

25 109 of measurmg probe 122 can be used to determine tiie ^ropriate diameter and can 

26 be similarly sized and secured m tiie compass instrument 120. The tip 109 may be 

27 rounded to prevent marring of flie articular suri&ce. Figure 17c shows a boring bit or 

28 bone cutting blade 124 wifli multiple cutting surfiices l07 and 108 configured in tins 

29 fashion. 
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1 TimiuignowtoFigures9aand9b,witiilheguidepm20iq?laced,ameasu^ 

2 tool 70 is inserted so fliat the reference axis 20A is utili25ed. A central eiemait of flie 

3, measuring tool 70 is a post 75 that is static, establishes tihfi axial locati<m of Aepoi^ • 

4 origin 80, and mates wi& a rotational kKJation feature wilhinihesraew 14. By rotating 

5 Has outer arm or outriggor 71 of the measuring tool 70 relative to fbs static post 75 vMle 

6 also maintaining contact witibiflie articular surfece 55, an axial displacanent or Z 

7 dimension can be established relative to flie point of origjn 80 for any point along the 

8 sweep of the outrigger. Each sudiZ dimension may be recorded in real time wifli 

9 convCTtional dial gauge mdicators 72 or with a digital recordmg device, sudi as disclosed 

10 in U.S. Patent No. 5,771,3 10 to Vannah, or by using otfia: known maridng techniques. 

11 Altiiough numerous points may be taken, ideally a minimum number of points are taken 

12 to define accurately the target articular surfece. In other embodiments, multiple 

13 outriders ttiatembocfy different diameters or an adjustable outrig^ may be used to m^ 

14 larger defects, and also to determine the final diameter oftiieprosflietic surfece fliat fits 

15 within the defect It is noted that the measuring tool may conq>rise a spring or oflier 

16 tensioning device (not shown), for urgmg flie outrigger distally wifli respect to die handle 

17 ofthetooL tills aspect, flie outrigger is manually pressed against flie articular cartilage, 

18 so as to maximaUy congress flie articular cartilage i^wnreconling data pomts, so fliat flie 

19 data points taken are of a maximally loaded" or "conq)ressed" dimenaon. 

20 Figures 20a, 20b and 20c diow an alternative measuring and miCT>ogd«vic® 210 

21 obtaining flie artioilar surfece dhnension, comprising housing 217 and a recordmg 

22 element 218. As shown in Figure 20a, recording elonent 218 inchides upper portion 219, 

23 flange 222 and calibrated lower portion 220. Rey-sh^ surfece 221 located at distal 

24 end 225 ofrecording element 218 is configured to engage a reciprocal key-shaped 

25 surfece in flie proximal extension 14 of fixation screw 10, or, for example, a key shq)ed 

26 cover arranged on flie iHOXunalraid of tiie screw (not shown). The\q>perportion219of 

27 recording elanent 218 may be constructed of a relativety soft or oflier defonnable 

28 matraialfliatcanbemaitedwiflipatientdata. Cannulateddiaft223rumfliroughfl^^ 

29 central lumen offlie recording element 218. As shown in Figure 20b, housing 217 
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1 includes a marking mechanism 224 located on the upper portion 226 of the housing, at or 

2 within window or aperture 230. An indexing indicator 228 is located on Ihe lower 

3 portion 227 of tiie housing 217, at wmdow or opening 229. 

4 Ttiming to Figure 20c, recordmg element 218 is inserted in honsmg 217 of 

5 measuring and mapping device 210, so tiiat the distal end 225 of recordmg element 218 

6 q>peais through opening 232. Tensioning means (not shown) in the device 210, enables 

7 recording element 218 to move longitudinally within housing 218. With the guide pin 20 

8 replaced, the measuring device 210 is inserted on the guide pm on reference axis 20A so 

9 that key-shaped sur&ce 221 engages the corresponding keyed surface of the screw and is 

10 maintained in static position tiiereby. These key-shqjed surfaces establish the rotational 

1 1 position of the articular surface points to be mapped relative to the screw. During tiie 

12 measuring and mq>ping procedure, the surgeon rotates housing 217 and outer arm or 

13 outrigger 23 1 located at tiie distal end 235 of housing. By depressing maifcfaig 

14 mechanism 224, a series of depressions or marked points 240 is established in tiie 

15 relatively soft sur&ce of the upper portion 219 of the recording element 218, which 

16 deforms at these marked points so that Ihey can be utilized as patient data. Indexing 

17 indicator 228 and calibrated low©: portion 220 of recordmg element 217 allow for 

18 controlled rotational movement between housing 217 and recording element 218. In 

19 tiiis way, the rotational position of the mapped articular sur&ce points 235 relative to the 

20 screw 10 as £q>preciated by outer arm of outrigga: 231, is translated to the inq>lant 

21 geometry as a feature so that the accurate rotational location of the in^lant 40 relative to 

22 the screw 10 is maintained, 

23 For example, as shown in Figures 8b and 9b, to accurately reproduce the two radii 

24 60 and 61 that locally define the articular surface 55, four points, 81a and 81b, and 82a 

25 and 82b, and the point of origin 80 are recorded. As any tiiree pomts in a single plane 

26 define a curve, by recording pomts 81a and 81b and flie pomt of origm 80, radius 60 

27 defining the medial-lateral aspect 68 of the chondyle can be determmed. By recording 

28 points 82a and 82b and the point of cxrigin 80, the radius 61 defining the anterior-posterior 

29 aspect 69 of tiie chondyle can be determined- In tiie example provided, in order to 
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1 mainlmii fhe lelationship between fliese two defined radii, 60 and 61, tiie measuring tool 

2 70 is constructed so Hiat it can be accurately indexed from a fixed starting point along 90 

3 degtee intervals to cs^ture or map said four points 81a, 81b, 82a and 82b, over tiie course 

4 of its revolution. 

5 Locating sur&ces or features created on Hie radius cove^ 30, or along some length 

6 of the fixation screw 10, hex-sh£q)ed drive surfece of the screw 14 or on the cylindrical 

7 proximal extension (or recess) of tiie screw 14, correlate to some surface or feature on the 

8 measuring tool 70 and aUow the measurement of the rotational position of the four 

9 measured points 81a, 81b, 82 and 82b, about flie reference axis 20A with respect to said 

10 locating sur&ces. This data becomes important m configuring 'the implant 40 with respect 

11 to the fixation screw 10 so tiiat the proper orientation of said measured points to 

12 fiibricated geometry is maintained. Ofcourse,sudi measuring tool can be configured to 

13 measure any number of points at any interval desired. 

14 While the measurements are iUustrated in Figures 9a and 9b as being taken from 

15 tiie bottom of the radiused surface 31 of fhe hex-shaped cover 30 of the screw, the 

16 measurements may alternatively be taken &om the top of the screw 10' itseli^ as shown in 

17 Figure9c. As shown, in this embodiment, a key 3 IS or other aligmnent feature may be 

18 provided, to indicate the starting point for taking measurements, hi this configuration, 

1 9 tiie measuring tool used, as well as the implant manufactured, botii have a mating feature 

20 matching the key 315, for properly locating the starting point of the measurements taken 

21 and thereby subsequently properly aligning the inqplant with respect to the defect 

22 Otiiereixdiodimmtsofmeasuring and recording tools are possible. One such 

23 embodiment of a measuring and recording tool 210' is shown m Figures 20d - 20i. As 

24 shown, measuring tool 210' comprises a handle 316, outer shaft 333, mner shaft 330, 

25 scroll 317, a tactile feedback portion 318, ring 320 havmg abutton 321 in communication 

26 with a sharp marldng pomt 326 tiiereunder, a rotating portion 322 havmg a rotational lock 

27 323 which prevents rotation of flie rotating portion 322 when engaged, and an outrigger 

28 portion 324. The handle 316 remams fixed durmg rotation and does not move while tiie 

29 tool 2 10' is used for measuring, histead, the rotating portion 322 is rotated to a start 
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1 position and 1kt rotational lock is engaged, securing fhe rotating portion 322 to the tactile 

2 feedback portion 3 18 and fliei:d)y preventing its rotation. The scroll 317 is configured 

3 with a notch 325 or dmilar mating feature to align with a conesponding mating feature 

4 (not shown) of the handle 3 16, such that llie sctoU can only align at one rotational point, 

5 at 0 degrees, with respect to flie handle 316 upon loading into fhe tool 210', e.g., by 

6 "snapping" into place. The sharp maikmg point 326 located inside the ring 320 under flie 

7 sharp marking point 326, marks a point of depression into the scroll 317 while first button 

8 321 is being depressed, bistead of marking by makmg depressions on a scroll or spool, 

9 marking could alternatively be made xxpon nearly any surface, e.g., using ink to record on 

10 a paper spool, or by digital means. 

11 As shown in Figures 20f and 20g, outer diafl 333, which is fixedly coi?)led to 

12 rotating portion 322, outrigger 324 and ring 320, is finely rotatably disposed about inner 

13 shaft 330 and slidably disposed about umer shaft 330 witiiin a range bounded by pointe 

14 334 and 337. In Figure 20t the outrigger 324 is retracted, and outer shaft 333 is located 

15 at a position of origin along a z-axis parallel to the inner 330 and outer 333 shafts, such 

16 that tiie proximal end of the ring 320 is located at position 335. In Figure 20g, the 

17 outrigger 324 is extmded, and outer shaft 333 is located at a position .250 in. (.64 cm.) 

18 from the origin of tiie z-axis parallel to tiie inner 330 and outa 333 shafts, such that the 

19 proximal end of the ring 320 is located at position 335\ The motion of the sUdmg of tiie 

20 out^ shaft 333 about inner shaft 330 during marking is translated via the outer shaft 333, 

21 rotating portion 322 and ring 320 (including maridng button 321 and markmg point 326) 

22 to a location along the scroll 317. Thus, as the user rotates outrigger 324 by rotation of 

23 rotating portion 322, the outrigger moves along the articular surface proximally or 

24 distally witii respect to the inner shaft, and flie displacement of the outrigger 324 along a 

25 z-axis parallel to flie inner 330 and outer 333 shafts may be mariced on flie scroll 317 by 

26 depression of flie button 323 at various points along flie rotation of flie outrigger 324. 

27 The tactile feedback portion 318 has a series of depressions 319 or other tactile feedback 

28 means, e.g. spring ball plungers yAAch engage in indentations (not shown) in flie umer 

29 shaft 330, spaced at 90 degrees from one anoflier, so fliat when the rotational lock 323 is 
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1 engaged as rotating portion 322 is being rotated, die user feels a '"click" or ofh^ tactile 

2 feedback to indicate to the iiser the rotational location of the rotating portion 322 at 90 

3 degree intervals mtfa respect to the handle 316, i.e., at 90 degrees, 180 degrees, 270 

4 degrees, and 0 (or 360) degrees, for purposes of maxkmg at those points. It is further 

5 noted tfiat flie startmg point for maridng may or may not be selected independent of the 

6 90-degree rotational points, and diat the rotating portion 322 may or may not be 

7 configured so that it is not tied to the 90-degree indexing until the scroll lock 323 is 

8 engaged. 

9 As shown in Figures 20e, 20h and 20i, a keyed mating feature 331 may be 

10 disposed at the distal end of the inn^ shaft 330 witii respect to die outrigger portion, for 

1 1 mating with a key feature 3 1 5 on the screw 1 0 ' (as shown in Figures 9c and 20i), so as to 

12 locate properly die starting point of the measurements taken with respect to the screw, 

13 and die scroll 317. Figure 20h illustrates a more detailed view of the distal end of the 

14 maridng tool 210*, with outer shaft 333, inner shaft 330 widi keyed mating feature 331, 

15 and outrigger 324 with rounded end 338, wbidi travels along the path of circle 339. 

16 Figure 20i illustrates the measuring tool 210', with the keyed matmg feature 33 1 inserted 

17 into the recessed portion 303 of the screw 10' at its fixation element 302. 

18 Referring now to Figure 14a, data recorded during die moping procedure 

19 described above can dien be entered into a known parametric dogmeering design software 

20 or similar algorithm, as four values, 8Sa, 8Sb, 8Sc, and 85d, corresponding to die four 

21 measured points, 81a, 81b, 82a and 82b, with the origm 80 defining a reference plane. 

22 These four values 8Sa, 85b, 8Sc and 85d, are represented by line elements that are 

23 geometrically constrained to lie upon a circle 90, which represents the diameter of the 

24 measuring tool 70. These line clients are also construed to Ue within planes that are 

25 perpendicular to one another. Of course, more than four points may be taken and used to 

26 map the articular surface, e.g., 8 points; however, a minimum of four points shoidd be 

27 taken, so that two mtersecting datum curves may be defined for purposes of mapping. 

28 Datum curves 86 and 87, representing the medial-lateral C1ML") and anterior- 

29 posterior C'AP") curves, are constructed by connecting the end points of the line elements 
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1 81a and 81b, and 82a and 82b and the point of origin 80, which is common to bofli 

2 curves. These two datum curves 86 and 87 can be used to construct the articular or 

3 bottom suifece 41 of the prosthetic implant 40. By sweeping datum curve 87 along a 

4 path defined by datum curve 86, a three dimensional sur&ce is now defined. 

5 By constructing this series of geometric relationships in a known parametric 

6 engineering model, patient-specific geometry can be input as values and the model 

7 algorithm can be run to reproduce the anatomic contours mq>ped in the patients within 

8 only a few moments. As a process, fliis generic model is the starting point for all patient 

9 treatments. Sterile pins, screws, and measuring devices that are aU non-patient-spedfic 

10 may be stocked in the hospital and ready to use \^enever an appropriate defect is 

11 diagnosed Patient-specific data nmy be transmitted fix)m the surgeon to the febricating 

12 fecilityviaanrnterfacetotheLitemetorothernetworic Data input into the inter&ce may 

1 3 be read directly into the generic parametric model to produce a viewable and even 

14 mq)pable patient-specific parametric model within moments. Confirmation by the 

15 surgeon could initiate a work order for the production of flie patient specific device. 

16 Existing technology allows the parametric model to generate toolpaths and programming, 

17 e.g., to a CAD/CAM system conq>rising appropriate hardware and/or software coupled to 

18 £q>propriate data-driven tools, to fibricate the implant 

19 Defining two additional datum curves 88 and 89, at offset distances from datum 

20 curves 86 and 87, is performed to define the top or non-bearing surface 42 of the implant 

21 40. This top surface 42 should be closely matched to the bearing surface geon^^ 

22 implanted without having to remove an exc^ive quantity of bone fix)m the chondral 

23 sur&ce. 

24 Referring to Figures 14c and 19c, mqplant geometry may be defined v^ereby tibie 

25 top or bone contacting sur&ce 42 of the implant 40 exhibits an axial symmetry. The 

26 central axis AA passes through the point of origin 80 of the unplant 40 and when the 

27 implant is positioned at the target site, aligns wifli the origmal reference axis 20A as 

28 defined by the guide pin 20 and fixation screw 10. The central axis AA can tiien be used 

29 to define the preparation tools so that flie bone contacting surfaces 42 of the implant 40 
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1 and flie preparation tools can be matched in boHi configuration and dimension to create a 

2 mating fit between fte sur&ce of the prepared target site and ffae bone contacting surfaces 

3 42 of the inq)lant For example, if the preparation tools can be &bricated usmg some of 

4 tiie same dimensions obtained during the articular sur&ce mapping procedure, the 

5 inq)lantgeometiy and corresponding preparation tool geometry can be mated and 

6 optimized so that a minlnnim vertical thickness of the inq)lant as well as a minimum 

7 depth ofbone removal is required. This noay be advantageous in ensuring good long 

8 term clinical results with flie inq)lant, as poor quality of fit between bone sur&ces and 

9 bone-contacting surfaces of traditional orthopedic prosthetic devices has been noted to 

10 contribute to early clinical failures. 

11 For example, as shown in Figures 14c and 19c flie top or bone contacting sur£eu:e 

12 42 of the unplant 40, a series of radial cuts 1 98 may create sur&ces that increase 

13 resistance ofdiein^lant to rotational forces. These features may be located at the outer . 

14 diameter 190 of the implant 40 to increase their effectiveness. Additional contact 

15 sur&ces may also be created by one or more protrusions 195 located on the bottom 42 of 

16 the implant Sunilarly,surfice treatments known in die field oforthqpedc devices, such 

17 as porous and/or osteoconductive coatings, may be utilized on sur&ce 42. 

18 As shown in Figure 19b, outer diameter 190 may include a slight outward taper or 

19 protrusion 197 along the diametrical sur&ce to enhance load bearing or load transfer 

20 properties of the implant to surrounding bone. This feature may also increase the fixation 

21 strength of file implant A fillet 199 (as shown in Figure 19a) that runs around the 

22 inq)lant at &e iatersection of the diametrical sur&ce 190 and the bearing surface 41 is 

23 also usefiil in providing a smooth transition between the host articular cartilage and the 

24 uxq>lant sur&ce. 

25 However, if a greater depth of inqplant is needed as a result of the defect 

26 appearance the offset curves 88 and 89 (as shown in Figure 14a) can be extended to 

27 increase the overall thickness of the implant 40 or the ofGset curves may be eliminated 

28 entirely so that the contoured sur&ce is backed by a revolved geometry that is 

29 symmetrical to reference axis 20A, Turning to Figure 19c, where the ML curve and AP 



34 



wo 03/051211 



PCT/USOl/48821 



1 curve (defined by the obtained measuiements) are not axially symmetrical, Ibe thickness 

2 oftheioqplant 40 requires adjmtmm^^ At the same time, an unnecessarily thick implant 

3 requires a greater amount ofbone to be removed at the target site. Thmfi)re,the 

4 thickness of the inq)lant may be determined by taking the laxgest obtained measurement 

5 and adding a minimal of&et amount 208. (Tho implant is thinnest at Ihe hi^est point on 

6 the ML curve.) This can be similarly acconqilid^ 

7 of the bone-contacting surface 42 of the in5)lant 40 and a corresponding angle of the 

8 preparation tool. lUs also allows for a correction oftiie implant geometry, to 

9 conq>ensate for any non-perpendicular placement of the guide pin witii respect to the 

10 articular sur&ce. 

11 With reference now to Figures 25 and 26, an exenq^laiy algorithm consistent wifli 

12 the invention eslablishes the minimuni thickness of an implant necessary to include all 

13 patient data points, receiving as input all of tiie points measured (typically, four) and 

14 identifying the largest value. One such exen5)lary algorithm is as follows (and as shown 

15 in Figures 25 and 26): 



16 maxval=D6 

17 ifmaxval<Dll 

18 maxval = Dll 

19 endif 

20 ifmaxval<D14 

21 maxval=D14 

22 endif 

23 D684 = maxval + .045 



24 

25 In tiie foregoing exemplary algorithm, a first data point D6 is initially assigned as the 

26 maximum value (maxval). If.„then type statements are used to compare othw data 

27 pointe(Dll andD14)toniaxvaL IfotiiCT data points are greater than maxval, the 

28 algorithm reassigns maxval to the new lai^er data point IXMT represents the height of 

29 the lower limit plane along the z-axis, and ULMT represents the height of the i^per limit 
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1 plane along the z-axis. D684 is a dimension tiiat controls the ULMT plane, yrhich is 

2 estabUshed in tte model as the upp^sur&ce of the implant ULMT is positioned as 

3 maxval plus an additional aibitrary and/or fixed material ofi&et (.045 in this case). 

4 Figuies Sc and 5d illustrate an alternative embodiment of the inq>lant 40', having 

5 a ML curve betv^een data points 340 and 341 and an AP curve between data points 342 

6 and 343, with male-shaped mating component 304 and key-shaped portion 344 for 

7 engagement with a reciprocal key-sh^)ed sur&ce in the proximal extension of a fixation 

8 screw, protrusions 345 (creating contact sur&ces on the top 346 of the implant 40')> 

9 radial cuts 347 located at the outer diameter 348 of the implant 40', and radius 349 

10 (which may be formed, e.g. using an abrasive wheel) around the intersection of the outer 

1 1 diameter at point 341 and tibie sur&ce comprising the patient geometry. 

12 Referring to Figures 18a and 18b, bone cutting or scoring mstrument 250 mcludes 

13 a handle (not shown), a cannulated sbsSt 111 that extends through the handle, and offset 

14 arm 140 housing adjustable blades 141. In the embodiment shown, individual cutting 

15 blades 141 are attached to oflfeet arm 140 either fixedly or removably, e.g. via threaded 

16 portions 142, into thz^ed recesses 342 of the ofi&et arm 140, although oflier attachment 

17 means may be used. With guide pin 20 advanced through shaft 1 13 positioned on the 

1 8 reference axis 20A, a fixed distance firom tiie rotational or references axis 20 A to each of 

19 the cutting or scoring blades 141 is established. These l^gtfas define the radii that are 

20 to be effected in the articular sur&ce, as the scoring instrument 250 is rotated around the 

21 guide pin 20, corresponding to the protrusions 195 on flie bone contacting surfiice 42 of 

22 the implant 40 creating a matching fit between the bone surfaces of the prepared target 

23 site and the bone contacting sur&ces of the implant 

24 In an alternative embodiment, as shown in Figure 18c, cutting blades are arranged 

25 on carrier 145, configured so that it can be mounted within the slotted surfiwe 1 14 of 

26 ofl&et arm 1 12, depicted hi Figure 17a. In another embodiment, as shown in Figure 18d, 

27 cutting blades 141 can be fixedly positioned on of&et arm 140. Using the same 

28 dimensions obtained during articular sur&ce mapping procedure, the cuttmg and scormg 

29 device 250 can be febricated to prepare the articular surfece to correspond to the implant 
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1 geometiy to Optimize fit another altelmtiveeII^bodimmt, as shown in Figu^ 

2 bone cutting instniment 352 conesponds to the alternative enibodiment of the implant 40* 

3 illustrated in Figures Sc and Sd. Instrument 352 has a handle (not shown), a cannulated 

4 shaft 353 that extends dsroiigh the handle and through tiie cammlation 355, otSset arm 

5 354 wifli blades 350 and 351 corresponding to the protrusions 345 on the bone contacting , 

6 surface 42 of the implant 40 creating a matching fit between the bone surfaces of the 

7 prepared target site and tiie bone contacting surfaces 346 of the implant 40'. 

8 As shown in Figure 14b, an angular dimension 95, relating some locating surface 

9 or feature on the hex-shaped cover 30 or on the fixation screw 10, to the four points 81a, 

10 81b, 82a and 82b, may also be cq>tured at the time of tiie mitial procedixre to assist m 

1 1 orientation of the implant 40 to tiie fixation screw 10. Guide ^erture 46 in implant 40 is 

12 located off the reference axis 20 A and may serve as the locating feature and/or as a suture 

13 passage way in the in^ilantation procedure. Alternatively, a surfiice or feature created on 

14 the implant 40, may serve to reference or aliga to such locating surfece on flie hex-sh^ed 

15 cover 30 or tiie fixation screw 10. 

16 Additional data can be taken at the time of the mitial procedure, e.g., for 

17 fiibricating a non-chcular implant Additional data curves can also be defined by 

18 measuring the ofEsets firom the reference axis 20A and determming diameters at tiiese 

19 offiets. The final in^lant geometry, although measured using circular tec^ 

20 not be circular. 

21 Referring to Figures 10a and 10b, following fiibrication of flie inspldjxt 40, a 

22 second procedure is performed. If a cover 30 (or plug) is in place, it is removed, 

23 exposing proximal extension 14 (or recess) or some other precision taper or engagement 

24 sur&ce located at the proxhnal end 1 7 of tiie fixation screw 1 0 to which the inxplmt 40 is 

25 tobeaffixed. A pin having a distally mounted element or barb 5 is placed through 

26 tiirough hole 16 runnmg througih tiie central lumen of the fixation screw 10 so that the 

27 distally mounted element 5 is secured into the screw. The distally mounted element 5 

28 carries one or more suture strands 85 that now trail from tiie fixation screw 10. 

29 Alternatively, a pin, braided cable, or flexible wire may also be used. However, sutures 
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1 may make passing tiie implant 40 through the incision 200 and subsequent handling 

2 easier. 

3 Tummg to Figures 11a and lib, the sutures 85 are dientiu^ 

4 aperture 46 of the implant 40 and a knot or bead 49 may be (treated proximal to the 

5 implant, so that tensing one of the fiee running sutures 85 helps to advance flie implant 

6 40 toward die proximal extension 14 (or recess) of flie fixation screw 10. Altematively, 

7 the suture strands 85 can be passed through the central lumen or shaft of a driving r^ 

8 odi^ instrument to aid in seating the implant 40, and positioned in die fixation screw 10 

9 thereafter. 

10 If necessaiy, the arthroscopic wound 200 is expanded slighdy in either a vertical 

11 or horizontal direction, so that the hnplant 40 may be passed through. A polymeric 

12 sleeve (not shown) positioned over the implant may prove helpful in passmg the inq>lant 

13 through the incision. As shown in Figure 1 lb, based on the size of the implant 40, 

14 anatomy of the knee 50, and retraction of the knee, it may be necessary to position the 

15 mphakt in tiie interchondular notch 77 as a stagmg area prior to final placement By 

16 continuing to manipulate and tension tiie suture strands 85, the in^lant 40 can be brought 

17 coaxial to die proximal extension 14 of the fixation screw 10. 

18 As shown in Figures 15c and 15d, altematively, driver 130 mcludes handle 1 10, a 

19 cannulated shaft 111 that extends through die handle and a cannulated seat portion 131 

20 attached to the end of flie shaft Tether element 135, which may comprise sutures or 

21 wire, is passed tiirough driver 130 and is dueaded dirough implant 40 throu^ guide 

22 ^erture46,connectmgtheinq)lanttothedrivertowardseatportion 131. Theiniplant 

23 40 and the driver 130 are tiien inserted arthroscopically through incision 200 to die target 

24 site. By tensioning tedier element 135 at die end 136 of handle 1 10, the in^lant 40 is 

25 drawn back into seat portion 13 1 of driver 130. By maintaining tension on tedier element 

26 135, die instant 40 can then be controllablydeUvered to the prepared targrt At 

27 least the inner surfiice of seat portion 131 comprises a material that can be inq)acted to 

28 seat die implant 40 without damagmg the inqilant surface. 
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1 Referring to Figure 1 2, once coaxial, tiie implant 40 can be aligned via 

2 engagfinient of Ae proximal extension 14 on fixation screw 10 and precisions taper 44 on 

3 &e bottom sur&ce 42 of the iroplant and any locating feature, and driven into place with 

4 a plastic driving rod 91 and mallet 95. A protrusion 92 of high strengdi material mounted 

5 at the distal tip 93 of flie driving rod 9 1 may be necessary to ensure that the rod stays 

6 centered on Ihe implant 40 during driving. 

7 Finally, as shown in Figure 1 3 , through guide iqperture 46 on the upper sur&ice 4 1 

8 of the implant 40, bone-cement 300 may be injected to enhance the contact sur&ce 

9 between Hxe inq)lant 40 and the subchondral bone 100. Vents, such as milled slots 13 in 

10 the fixation screw 10, and in the walls of the iraplmt central protrusion may be desirable 

1 1 to facilitate the flow of such materials. 

12 Alternatively, guide aperture 46 in the implant 40 may be altogether eUminated by 

13 using an alternative implant delivery system, as shown in Figures 19d ttirough 19i, 

14 corresponding to an unplantsiinilar to that shown m Figures So and Sd Hiealtemative 

15 system conq)rises the implant 40" and a washer 361 for holding a suture 363, the washer 

16 361 bemgadn)ted to fit into a taper lock ring 360. The ring 360 has a taper lock portion 

17 362 having a series of notches 365 along its perimeter, creating flaps 372 that permit tiie 

18 taper lock portion 362 to flex somewhat The taper lock portion 362 has a diameter 

19 gradually tapering fix)m the middle to the proximal end 364 of the ring. Hie taper lock 

20 ring 360 may also have an alignment notch 386 or similar feature for properly alignmg 

21 the taper lock ring 360 wifli respect to key-sh^ed portion 344 of the irnphnt 40", which 

22 is to engage with a reciprocal key-shaped surface in the proximal extension of a fixation 

23 screw, so as to seat property the inq)lant rotationally with respect to the defect site when 

24 it is later seated thereon. A washer 361 is disposed between the ring 360 and the implant 

25 40' * and has two apertures 366 disposed in a recessed area 367 in the center of Ihe 

26 washer. The suture 363 is threaded through the two q)ertures 366 to form a suture loop 

27 368, which remains in flie recessed area vfbm tiie mds of the suture 363 are pulled, so as 

28 to keep Ihe suture loop 368 below tiie top surface 369 of the washer 361. The unplant 

29 40" has a diameter at its center portion 370 that is approximately equal to the inner 
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1 diameter.of the ring 360 at its taper lock portion 362. Thus, when tension is ^plied to 

2 the ends of the suture 363, the taper lock portion 362 of the ring 360 may flex outward to 

3 receive slidably therein the urqplant 40" and washer 361, which subsequently lock into 

4 the taper lock portion 362 of ttie ring, once the center portion 370 of flie sides of tiie. 

5 unplant 40 * ' is seated within tiie proximal end 3 64 of the ring by fiiction fit, as shown in 

6 Figure 19e. It is noted that the center portion 370 of the sides of the iraplwt 40" to be of 

7 a width permitting the implant and washer to travel slidably wittiin the ring 360 to some 

8 degree. 

9 As shown in Figure 19t a hex nut 373 may be integrally formed m the center of 

10 the washer 361 on its bottom side 374, for mating with an appropriately configured tool 

11 for seating the inq>lant 40". As Figure 19f illustrates, the unplant 40", along with 

12 wadier 361, ring 360, and sutures 363, is pushed through the mcision 200 at the defect 

13 site. Next, as shown in Figures 19g - 19i, illustrative of successive steps in the process of 

14 seating the implant, a seating tool 380 may be used to seat flie implant Seating tool 380 

15 conq)rises a shaft 385, a handle 381 (which may have a through hole 382, if the same 

16 handle and/or shaft is used with mterchangeable tips for performmg various fimctions, 

17 although a through hole 382 is not mtegral to seating the implant), and tip 383 suitably 

18 configured to drive hex nut 373 (or oth^ mating feature) and having an ^rture 384 

19 through which the ends of the suture 363 may be threaded Once the tip 383 of the tool 

20 380 is introduced into the incision 200, the sutures 363 may be used as a guide for seating 

21 the tip 383 of the tool 380 onto the hex nut 373, which may be accomplished by 

22 alternately pullmg on each end of tiie suture 363 to toggle tiie tip 383 of the tool 380 back 

23 and forth. Once tiie tip 383 of the tool 380 is seated onto tiie hex nut 373, flie tool 380 
'24 may be rotated m either direction to seat the inq>lant assembly properly (comprising 

25 unplant 40", tap&c lock ring 360, and washer 361) at tiie defect site. This may be 

26 effected by rotating tool 380 until alignment notch 386 and corresponding key-shaped 

27 portion 344 of the implant 40" are aligned with flie correspondmg reciprocal key-shaped 

28 surfece in flie proximal extension of flie fixation screw, whereby tiie implant should slide 

29 into place, tiiereby properly seating the implant rotationally witti respect to tiie defect site. 
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1 As shoivn in Figure 12 with respect to Ae prior described embodiment, once properly 

2 seated, the inqplant 40'' can be driven into place widi a plastic driving andmallet 

3 95, and as shown m Figure 13 with respect to tiie prior desoibed embodiment, bone 

4 cement 300 may also be placed prior to die final seating of the inq)lant 40" to enhance 

5 the contact sui&ce between die implant 40" and die subchondral bone 100. It should be - 

6 understood that the taper lock ring 360, washer 361, and sutures 363 described wifli 

7 respect to this embodiment allow the inq)lant to be noncannulated but still easily handled. 

8 These elements are not required to be constructed as illustrated herein, and may be 

9 replaced by adhesive conq>onents, suction con^)onents, or other components serving the 

10 same function. 

1 1 As Figures 2 1 and 22 iUustrate, a unitary (one-piece) implant 400 may also be 

12 constructed, diereby obviating die need for a fixation screw, taper lock ring, washer, and 

13 suture. In this embodiment, implant 400 has kesy-^baped portion 401 for engagement 

14 with a reciprocal key-shaped surface 41 1 in an aperture 4l2 at the defect site 410, a 

15 plurality of barbs 402 (or otiier mating features, e.g., one or more threads, ribs, fins, 

16 milled slots, tapered distal features, features to prevent rotational movement of the 

17 implant, or features to increase Motion between the inq>lant and the aperture at the defect 

18 site) for producing outward tension within die aperture 412 at the defect site 410 and for 

19 increasing the contact sur&ce area of the implant 400 with respect to the aperture 412 at 

20 die defect site 410. M this enibodiment, an i^erture 412 having a key-shaped surface 411 

21 or other feature for matmg with die implant is created direcdy in die defect site 410, by 

22 boring, abrasion, or other tedmiques for forming an appropriately shq>ed aperture in the 

23 chondral bone 410 for receiving an implant 400 having a corresponding key-shaped or 

24 odier mating featare 401, It should also be recogniaeddiat, in fliis or otiier embodiments, 

25 . the fixation screw could be replaced widi a trasioned member attachment, e.g., anchored 

26 to the distal femoral cortex. Alternatively, the fixation screw could be configured as a 

27 guide wire, only to define die axis AA correq)onding to an axis about the point of origin 

28 in the inq)lant to be used (as shown in Figures 14c and 19c), but not to provide 

29 mechanical anchoring to or for the iiqplant 
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1 Figure 23 illustrates other alternative embodiments for an inqplant consistent with 

2 the invention, showing a perspective view of the components of an exemplaiy composite 

3 implant, in one embodiment of the present invention. As shown, implant 500 comprises 

4 top SO 1 and bottom 502 portions. Top portion 501 has a bottom surface 503 which may 

5 . be glued, welded, bonded, or otherwise attached to top surface 504 of bottom portion 

6 502, while bottom surface 505 of bottom portion 502 comprises the patient geometry and 

7 is the load-bearing surface of the inq)lant, as set forth hereinabove. Top 504 and bottom 

8 505 sur&ces of the bottom portion 502 may conqnise, in whole or in part, bioengmeered 

9 material, while top portion 501 nmyconqmse a niaterial such as tita Insucha 

10 configuration, top portion 501 may be fiihricated and/or manufactured (e.g. m laige 

1 1 quantities) as a universal, generic, standard supply item for medical practitioners, which 

12 merely needs to be attached to a custom-machined bottom portion 502 comprismg the 

13 patient-specific geometry. Sur&ces 503 and 504 may be flat or may comprise other 

14 mating features, shapes or configurations. 

1 5 Furdier composite implant embodiments are illustrated in Figure 24, wherdn 

16 inq>lant 600 con^rises the patient-spedfic geometry 603 and a uniform thickness 

17 inaterid bottom portion 602 conq)rising the bottom or bearing sur&ce 606. The bottom 

18 sur&ce 603 of top portion 601 mates witii the tap sur&ce 604 of bottom portion 602, and 

19 surfaces 603 and 604 nmy be flat or may conq)rise other inatmg features, sh^es or 

20 configurations. Lip 605 of bottom portion 602 has an inside diameter substantially tibie 

21 same as the outside diameter of top portion 601, so that top portion 601 fits slidably into 

22 bottom portion 602, ii^ereby the two portions 601 and 602 may be glued, welded, 

23 bonded, or otherwise attached to one another. Bottom sur&ce 606, being of uniform 

24 thickness, reflects the patient-specific geometry which sur&ce 603 comprises and is the 

25 load-bearing sur&ce of the implant 

26 Other materials firom "widch an implant consistent with the invention may be 

27 constructed, in whole or in part, include ceramic, e.g. aluminum oxide or zirconium 

28 oxide; metal and metal alloys, e.g. Co-Cr-W-Ni, Co-Qr-M, CoCr alloys, CoCr 

29 Molybdenum alloys, Cr-Ni-Mn alloys, powder metal alloys, 3 16L stainless steel, Ti 6A1 
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1 - 4V ELI; polymers, e«g., polyuiefliaiie, polyethylene (wear resistant and cross-linked), 

2 thermoplastic elastomers; biomaterials, 6.g. poIyc£px)lactone; and difKision hardened 

3 materials, e.g.Ti-13-13,Zirconimn and Niobium. Ck)atings used may include, e.g., 

4 porous coating systems on bone-contacting surfaces, hydrophilic coating on load- 

5 bearing surfaces, hydroxyqiatite coatings on bone-contacting sur&ces, and tri-caldum 
.6 phosphate on bone-contacting sur&ces. Additionally, components ofthe invention may 

7 be moljded or cast, hand-fibricated, or machined. 

8 Alternatively, measurement methods niay be utilized hereby radius 

9 measurements are taken with respect to an axis AA corresponding to an axis about the 

10 pomt of origin in the implant to be used (as shown in Figures 14c and 19c). Tlie 

11 technique is used in reverse, whereby aiming devices are used to place axis AA with 

12 respect to prefabricated generic-geometry implants. 

13 It is noted that, althougfh the invention is herein described as utilizang a single 

14 reference axis, multiple reference axes may be used for measuring, moping, or cutting a 

15 single defect or an articular surface having multiple defects, as well as for &bricating a 

16 single implant, or multiple implants for a single articular sur&ce, consistent with tiie 

17 invention. &i other ernbodiments,me1]iods for mapping the defect and/or articular 

18 sur&ce other than those described hminabove are possible, e.g., MRI or CT scanning, 

19 fluoroscopy, ultrasound, bone density, other stereotactic systems, nuclear medicine, or 

20 other sound or lig^t wave-based imaguig methods. 

21 It is furtiier noted that, although the invention is described herem as utilizing the 

22 specific geometry of a patient's articular sur&ce to febricate an implant for that patient, it 

23 is contenq>lated that data fbom a plurality of pati^ts may be analyzed statistically and 

24 utilized in fabricating and/or manufacturing (e.g. in large quantities) one or more 

25 universal, generic, or standard supply item type implants for medical practitioners to use 

26 in a procedure consistent with the invention. For such implants, as well as for patient- 

27 specific implants as described herem, pre- or post-implantation trinuning may be required 

28 to correct for mmor variations that may occur as between Ibc inQ)lant and the subchondiral 

29 bone (or other articular sur&ce). 
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1 It should be understood that, although tbte various tools described hereinabove, 

2 e.g., for measuring, cutting, and seating, are described as separate devices, a single 

3 handle, shaft and/or instnimCTt may be configured to serve as a universal mounting tool 

4 for a series of devices for performing various functions consistent Mvidi the invention. 

5 Generic Bone Resurface I mplant. Cutting Tool, and Procedure 

6 Figures 27a-48dqpict another exenq>lary embodiment of the present inven^^ In 

7 this embodiment a generic bone implant (or set of standardized implants) is created (or 

8 selected) based on developing an axis normal to die sur&ce and collectmg only one data 

9 point In the above-described embodiments, a non-nonnal axis was utilized, and four 

10 data points were required to develop ML and AP curves. Further, a generic cutting tool is 

11 used to cut die bone at this site to apoint where a generic uuplant can be used. Several 

12 inqnroved tools relating to the procedure for using such an implant (as well as for using 

13 implants as described herdnabove) are fiirdier described in this section and illustrated in 

14 the corresponding figures. 

15 Figure 27a depicts an exemplary drill guide device 700 according to this 

16 exen^lary embodiment The guide 700 iocludes a contact sur&ce 702 of known 

17 diameter d on the distal end 708 of tiie guide, where diameter d is generally the width of 

18 the widest portion of the site of the lesioiL The distal end 708 of the guide is generally a 

19 hoUowed-out toroidal structure attached to a handle 706. A central lumen 704 runs the 

20 length of the guide firom the attachment point of the distal end 708 to the handle 706, and 

21 tiirough the handle 706. The guide device may be constructed in a number of otiier ways, 

22 including, e.g., a distal ead 708 comprising a tranq)areatinaterial,e.g., polycarbonate o 

23 another clear plastic. For example, as shown in Figure 27b, a guide device 700' may 

24 comprise a distal end 708' (which could comprise either an opaque or a transparent 

25 material) having a plurality of cuteway areas 743 to icc^rove visibility and the accuracy 

26 of drill location with respect to the site of a lesioiL The guide device may also comprise a 

27 tripod-like construction, or oth^ construction comprising fins, or projections. It should 

28 be noted that, instead of a central lumen being used to locate the working axis, a 
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1 cylindrical bore located at some distal location of the guide may serve to a:eate a working 

2 axis that is not necessarily coaxial to the handle or connecting shaft of die instrument 

3 Referring now to Figures 28a and 28b, die present embodiment operates on the 
' 4 assuxiq)tion that to a first approximation an anatonucal model of some articular 

5 (e.g., knee, hip, etc.) can be assumed to be locally spherical In olfa^ words, as shown in 

6 Figures 28a and 28b, the AP plane and ML plane, respectively, are depicted, i?^erein 

7 each corresponds to a model offlie articular sur&ce of a floral regioiL These figures 

8 break up these cross-sections into a plurality of radii of arcs defining the articular sur&ce, 

9 i.e., R1-R4 in the AP plane, and S5-R7 in the ML plane. In this embodiment, the inventors 

10 herein have foxmd that sur&ces in some regions can be assumed to be substantially 

11 locally spherical Thus, for example, the present embodiment assumes that R3 

12 approximately equals Bs (Le., R3 is within 50% of R6). Under these assunq)tions, a 

13 normal axis can easily be developed. Once developed, one data point then needs to be 

14 defined to obtain the relevant geometry ofaninq>lant, as wiU be described below. IfRa 

15 is not within 50% of R«, an alternative method for developing an axis nomial to the 

16 surfiu^ of the lemon site, as described hereinbelow with reference to Figures 49-53, may 

17 be used. 

1 8 Figures 29-34 depict the use of the drill guide, the generic implant, and 

19 procedures therefor, according to this exemplary embodiment In Figure 29, tiie drill 

20 guide 700 is broughtup to a lesion site 712 of die articular sur&ce 710. The guide 700 is 

21 positioned so that the distal end 702 covers the lesion site 712, such that the contact 

22 surfiice of the distal end 702 makes contact at a plurality of points around the lesion site 

23 712 onthe articular sur&ce 710. As shown in Figure 30, wifli slight pressure the guide 

24 700 becomes stable and fixed on the articular surface 710. Once seated in position, a 

25 guide pm 7 14 is driven through die central lumen of the guide to create a workmg axis 

26 that is generally normal to the articular sur&ce 710 at tfie point of contact of the guide 

27 pin. As Figure 31 illustrates, a standard bore drill (not shown) can be placed over the 

28 guide pin 714 to create a pilot hole 716 for the screw (not shown). 
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1 With refermce now to Figure 32, as wifli the previous embodiments described 

2 above, a screw 720 is driven into the pilot hole 716. A cap 722 having a male conq>onCTt 

3 719 adaptsd to mate with the female taper 718 of the screw 720 is placed on the screw 

4 720. The screw is driven to the appropriate dq>th, such that &e top sur&ce of the cap 

5 722 is substantially aligned wi& ftie articular sur&ce 710, within the lesion site 712, 

6 thereby ensuring congniencyoftfae implant to the joint. Turning now to Figure 33, the 

7 cap 722 is removed, and a rod 730 having a mating taper 731 on its distal tip is inserted 

8 into die screw 720. The guide 700 is positioned over the rod 730 so that the distal end 

9 702 covers the lesion once again. As illustrated in Figure 34, since the length of the rod 

10 730 and the length of the guide 700 are known, a measuremrat of the exposed end length 

11 of the rod (0 may be taken. This will provide flie information needed with respect to the 

12 implant geometry, by indicating the distance between the seating depth in flie screw and 

13 die tangent point of the iirplant sur&ce. As shown in Figure 35, since the axis, z, is 

14 defined (by the drill guide) as normal to die sur&ce of the implant at a plurality of points, 

15 all dimensions defimng the AP and ML curves may be assumed to be equal, such diat 

16 only one dimension, /, is left to define the implant geometry. Variations &om knee to 

17 knee and within a knee may be reflected in changes in/. For example, the implant 736 of 

18 Figure 36 may be conq>ared to die implant 737 of Figure 37. For impkaxt 736 of Figure 

19 36, the value of h represents a relatively ''flaf region on die articular cartilage, where the 

20 zadius of the arc Baci is a relatively large number. However, for in:q>lant 737 of Figure 

21 37, the value of /a represents a more curved region on the articular cartilage, where the 

22 radius ofdie arc Sao is a smaller number than Raci< As indicated by cUnical data, there 

23 is a range of values for / that suggests 5 to 6 values of / that will fit a majority of people. 

24 Thus, generic, off-the-shelf sized inq)lants may be niade. A single procedure technique 

25 involving establishing the nomial axis, measuring /, and selecting the ^ropriate size 

26 implant is therefore feasible. 

27 As illustrated in Figure 38, an exemplary cutting or reaming tool 740 (e.g., as 

28 described hereinabove with respect to Figures ISb and 16) is used to prepare die lesion 

29 site 7 12 to receive the implant (not shown). The cutting or reaming tool 740 may be 
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1 configured so flia^ when coupled to tfie axis defined by the guide pin, it can be used for 

2 cutting operations. The tool 740 may have a cannulated shaft and a distal of&et arm 

3 having a cutting or blade sur&ce (not shown) having a radius corresponding to tiie radius 

4 of the implant to be used, such that the articular cartilage may be circumscribed by 

5 rotation of the tool 740 for cleanly cutting the sunounding articular cartilage in 

6 preparation for receiving the implant The tool 740 may be configured so that, when 

7 coiq>led to the axis defined by the guide pin, it can be used for cutting operations. The 

8 proximal &ce of die screw 720 may serve as a depth stop for the proximal portion of the 

9 tool 740, thereby defining a cutting/reaming depth corresponding to the thickness of the 

10 implant, /. 

11 Those skilled in the art will recognize that the cutting tool may be motorized in 

12 certam embodim»ts, and^or attematively, as illustrated in Figure 39, an exenq)laiy 

13 cutting tool 744 may comprise a cannulated shaft 749, a circular blade portion 745 having 

14 a leading edge 746 comprising a blade sur&ce turned on the distal-most portioxL Sucha 

1 5 tool 744 may fiirflier conxprise a handle portion 747 and may be adapted to be turned by 

16 hand by the operator of die tool by means of rotating the handle 747, or alternatively, 

17 may be motorized in certain embodiments. 

18 Figure 40 iUustrates an exemplary cleaning tool 770 for cleanmg the fenialet^ 

19 (not shown) of flie screw 720 prior to delivety of the in5)lant The distal end 771 of an 

20 exemplary cleaning tool 770 comprises a semi-rigid material formed into a shape adapted 

21 to enter into the female taper of the screw 720 and be manipulated by the operator of the 

22 tool, to remove tissue or other debris tiierefiom, diereby ensuring a good mate of die 

23 female tsp&c 720 of the screw and the male taper of the implant to be delivered (not 

24 shown). 

25 Figures 41-43 illustrate an exemplary suction tool 760 for holdmg the unplant by 

26 means of a suction force and delivering it to the lesion sito, as well as the steps of an 

27 exemplary procedure for using the suction tool 760 to deliver an implant As illustrated 

28 in Figure 41, an exemplary suction tool 760 comprises an elastomeric suction tip 761 at 

29 its distal portion 767, a proximal sur&ce 768, an inlet 762 for mating with a suction tube 
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1 763 connected either to a hospital wall suction supply 764 or other suction system, and a 

2 switch or valve 765 for controlling tiie suction force. As Figure 42 illustrates, iwhen the 

3 suction force at the elastomeric suction tq) 761 is activated by the switch or valve 765, 

4 the implant 742 is held in place, and thus, the suctionlool 760 may be used to hold the 

5 implant prior to, and during, the delivery thereof. As shown in the cross-sectional view 

6 of Figure 43, the distal portion 767 of an «enq>laty suction tool 760 may comprise a 

7 rigid tip 766 (which may comprise, e.g., plastic material) disposed within the elastomeric 

8 suction tip 761. Force may be i^lied'to the rigid tq) 766 (e.g., by striking or pressing on 

9 the proximal 8in:&ce 768 of the tool 760) in order to seat flie in:q)lant 742 widiin the 

10 lesion site, once the male taper 769 of the implant 742 and its corresponding mating 

1 1 component(s) 778 are properly aligned with the female taper of the screw (not shown) 

12 and its corresponding mating component(s). Since the suction tip 761 is elastomeric 

13 (e.g., rubber), \xpoa application of such force, the material will compress, allowing impact 

14 to be transferred to the implant 742 for purposes of seating it. It is noted thai; in addition 

15 to its utility in delivering an implant, a suction tool 760 as described herein, (or a suction 

16 tool similar thereto) might also be used at some point during the process of removing an 

17 implant (e.g., in the event the implant is not fulfy seatecQ. 

18 Figure 44 illustrates an exemplary inQ)lant 742 driven into the lesion site 7 12 of 

19 the articular sur&ce 710 once the site 712 has been sufGciently reamed or cut 

20 Figure 45 illustrates an exemplsay inoplant removal or revision tool 750 

21 comprismg a shaft portion 75 1 and a distal portion 753, and Figure 46 is a cross-sectional 

22 view illustrating ttie exenq)lary tool 750 witii a removed implant 742 being held in place 

23 ihereiiL As shown, tiie distal portion 753 of the tool 750 may contprise an approximately 

24 cylindrical structure with a circular blade portion 752 having a leading edge 758 

25 comprising a blade sur&ce turned on the distal-most portion and a lip portion 755 

26 disposed proximally with respect to the leading edge 758. A plurality of slits 754 parallel 

27 to the longitudinal central axis of the distal portion 753 are disposed along the length of 

28 the cylindrical structure, so as to pomit sufficient outward expansion of the distal portion 

29 753 to accommodate the top edge of the implant 742 therein. Thus, when the distal 
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1 portion 753 of the tool 750 is forced onto an implant 742 to be removed, and driven down 

2 over the uiq)lant 742, ttie distal portion 753 will sm^/lock into place once the lip portion 

3 755 of the distal portion 753 of the tool 750 passes the top edge of the implant 742 being 

4 removed, thereby holding the implant 742 in place within the distal portion 753 of the 

5 tool 750, as shown in Figure 46. At this point, a device such as a slq>-hammer or slide 

6 hammer (not shown) may be used to unseat tiie implant 742. An exemplaiy such device 

7 may comprise a shaft having a weight slidably disposed thereon, herein one end of the 

8 shaft is connected to the proximal end (not shown) of tiie tool 750 and the other end of 

9 tiie shaft comprises a stop for preventing the weight fiom moving off the shaft, and 

10 ^^erem die weight is propelled away fiom its connection point with the proximal end of 

11 the tool 750, such that it stops abmptiy at the stop and exerts a pulling force on the 

12 implant 

13 Alternative Embodiment of Screw 

14 Figures 47 and 48 illustrate an exemplary altematively-k^ed embodiment of the 

15 screw 720' (c.£, key feature 315 of screw 10% as shown in Figure 9c) and tiie exemplary 

16 alternatively-keyed inq)lant 742* to which it is adapted to mate. As shown, the male 

17 taper 769'of the implant 742' is coupled at its distal end to an offset mating feature 778' 

18 for mating witii a corresponding of&et mating feature 779 of the screw 720'. The mating 

19 feature 778' of the implant 742' comprises a generally cylindrical structure (and may 

20 ftirdier conqprise a rounded or chamfered distal end portion 777' and/or other geometric 

21 features, i.e., recesses and/or protrusions) and is both of&et from the central longitudinal 

22 axis 0^ and diametrically smaller than, the male taper 769' of ttie implant 742'. As 

23 Figure 48 illustrates, a gmerally cylindrical recessed mating feature 779 (or sunilar 

24 mating recess(es) and/or protrusion(s), e.g., a rounded or chamfered distal end portion 

25 780) corresponding to the of&et distal mating feature 778' of the implant 742' is disposed 

26 within the innermost portion of the female t^er 718' of the inqilant 742', and of&et from 

27 tiie central longitudinal axis of the female taper 718', The female mating feature 779 of 

28 the screw is provided to mate witb the of&et male distal mating feature 778' of the 

29 implant 742', so as to seat the taper 769' of the implant 742' at a fixed location within the 
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1 screw 720', thereby pieveating rotation of the implant 742' wiHi respect to the screw 

2 720', Along wifli the mating features 778', 779, the taper structures provided may serve 

3 to prevent movement of the implant 742' with respect to the screw 720'in all directions. 

4 A screw 720' consistent witti the present inv^tion may comprise a titanium alloy, e.g., a 

5 316L stainless steel alloy or a cobalt-chrome alloy. 

6 Alternative Method for Developmg Axis Normal to Lesion Site Surface 

7 Figures 49-53 illustrate an alternative method for developing an axis normal to the 

8 sur&ce of the lesion site using a biaxial measuring tool. This method has particular 

9 utility for lesion sites where the radii of arcs defining the articular surface, Rml Sap> 

10 are different, i.e., the region is not locally q»hericaL (This would be tiie case, e.g., if R3 is 

11 not withm 50% of R6, as illustrated m Figures 29a and 29b and described hereinabove.) 

12 To develop an axis normal to the sur&ce, a biaxial measuring tool 800 is provided. The 

13 tool 800 comprises an outer shaft 805 coupled fixedly to an outer component 801 having 

14 a set of arms 803, and an inner shaft 806 slidably disposed within the outer shaft 805, 

15 wherem the inner shaft is coupled fixedly to an inn^ component 802 having a set of arms 
16 . 804. The arms 803, 804 of the outer 801 and inner 802 conqx>nents may take several 

17 forms, and one exemplary form for the arms 803, 804 is illustrated in Figures 49-53, 

18 wherem the distal portion of each arm 803, 804 tapers outward and connects to one of 

19 four contact portions 808. The contact portions 808 may be, e.g., as shown, one of four 

20 arcuate sections of a generally toroidal member (whidi may be solid or hollow) having a 

21 generally circular (STOSS-section. (The lengths oflfae arcuate sections do not necessarily 

22 need to be equal to one anotiier, e.g., as illustrated in the exemplary contact portions 808 

23 of Figures 49-53, the arcuate lengths of the contact portions 808 corre^nding to the 

24 inner component jS02 are shorter tiian tiiose contact portions 808 corresponding to the 

25 outer component 801.) The inner shaft 806 may be biased forward so as to tend to extend 

26 firom the outer shaft 805, or may alternatively be advanced manually witiiout spring bias. 

27 The inner conqionent 802 is slid proximally or distally witii respect to the outer 

28 component 801, until all of the contact portions 808 make contact with tiie articular 

29 surface (not shown). In tiiis manner, the articular surface curvatures inay be separated 
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1 into AP elemrats and ML elements, such that four separate contact points may be 

2 extrapolated from the four contact portions 808, based on the relative positions of the 

3 inner 802 and outer 801 conq>onents, and an axis normal to the sur&ce of tiie lesion site 

4 may be defined. The shaft of the tool 800 may be cannulated (not shown), so as to allow 

5 a guide pin or wire (or a boring tool) to pass ttierefhrough and into the articular sur&ce, 

6 as described hereinabove with respect to Figures 27a to 31. As shown in Figure S3, if Ihe 

7 inner 802 and outer 801 conqK>nents are aligned such that the four contact portions 808 

8 meet to form a complete toroidal member or ring, the articular surfiice must be locally 

9 spherical, i.e., Rml and Rap (as shown in Figure 49) are equal, and it is therefore not 

10 necessary to use the biaxial tool 800. 

11 It should be noted that, alternatively, contact surfaces may be constructed of some 

12 pliable, or malleable material(s) so that indepradently moving rigid mechanical members 

13 are not necessary. As long as the contact sur&ces provide a normalizing force to some 

14 central shaft when the contact sur&ces are applied to the articular sur&ce, a normal axis 

15 could be defined. 

16 In another embodiment, this biaxial guide could be replaced by a series of sized 

17 ^trials" or gauges of predefined sur&ces of varying dimensions, which are simply pressed 

18 onto the articular surfiice to visually deterniine an appropriate fit These gauges may 

19 resmible an inq)lan^ as described herein, without any features (e.g., fixation element or 

20 screw) on the und^ide, and may contain a handling tab or other element for holding the 

21 gauge. The coiitact sur&ces ofthese gauges n[iay have a circular cross sectioii, an ovular 

22 cross section, or another cross-section comprising a plurality of points to surround a 

23 defect in an articular surfiice, and the plurality of points may or may not lie in the same 

24 plane. Althougfh they nmy be less precise or less accurate than other measuring mediods 

25 described herein, it is contemplated that in^lant selection could be made directly fiom 

26 these gauges. 

27 Digital Measuring Svstem 

28 Figures 54-61 illustrate an exemplary digital measuring S3^tem consistent with the 

29 present invention. As shown, the system 810 conq>rises a base unit 81 1 coupled to the 
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1 handpiece 812 via a cable 813. As described further hereinbelow, the base unit 811 may 

2 conq)rise a tear strip 814 in or on the chassis for detaching a printed paper t^e 

3 comprising measurement data. Such a system may reduce or eliminate potential for 

4 surgical or other human error with respect to die implementation of the present invention. 

5 Figure 55 is an exploded view ofan exemplary handpiece 812 in a digital system 

6 consistent widi the present invention. Ihe linear measuring elements of the han^iece 

7 812 are nested concentrically and coaxially to the rotary measuring elements, so that 

8 when the probe assembly 818 is translated and rotated with respect to the main body 822 

9 of the handpiece, the 6 and z dimensions are simultaneously recorded. The handpiece 812 

10 conqirises a main body 822 containing a linear reading head 813 coupled to a linear 

11 reader 814, a linear mdra strip 815, a rotary reading head 821 coupled to a rotaiy reader 

12 816, and a rotary mdex stri^ 817. The piobe assembly 818 comprises a contact ty> 819 

13 coupled to an inner shaft 820 running along the lengdi of die handpiece 813 disposed 

14 withm the mam body 822. The shaft 820 comprises a mating feature 834 at its distal end 

15 that is keyed to fit m the mating fe^iture of an inq>lanted screw, such that the shaft 820 

16 provides a rotational axis. The shaft 820 is rigidfy connected to the main body 822 of the 

17 handpiece 812 via a nut 823 at its rear. The handpiece 813 is coupled to, and transfers 

18 motion both rotationally and axially from, the contact tip 819 via the shaft 820. In this 

19 manner, the linear 815 and rotary 817 strips, which may comprise, e.g., mylar polyester 

20 fihn having tiiereon a very fine printed pattern, pass through the linear 8 1 3 and rotaiy 82 1 

21 reading heads, respectively, such that tiie heads 813, 821 read tiie pattern on the strips 

22 81S, 817 and output data representing die rotational and axial travel of tiie contact tip 

23 819. 

24 Bxemplary strq>s and heads may include those manufactured by U.S. Digital™ 

25 Corporation ofVancouvOT, Washington, USA. Figure 55a is a cutaway view illustrating 

26 an exenq)laiy printed Imear mdex strip 815 passmg through an exen^lary linear head 813 

27 for reading, and Figure 55b is a cutaway view illustrating two alternative exemplary 

28 printed rotary index strips 817, 817* of varying sizes passmg tiirough an exeirqilary rotary 

29 head 821 for reading. Figure 55c illustrates an exemplary Imear index, strip 815 



52 



wo 03/051211 



PCt/USOl/48821 



1 conq>rising concentric '^ullseye'' circles 830, leferaice lines 83 1 , a text aiea 832, and a 

2 patt^ area 833. Figure SSdiUustiates an exemplary rotaiy index strip 817 c^ 

3 an opaque area 823, index areas 824, a pattern area 825, a text area 826, crosshairs 827, 

4 concentric "Imllseye'' circles 828 and a cratral aperture 829. 

5 Tuning now to Figures 56a and 56b, a rotational groove 840 and a linear groove 

6 841 arc provided on the han^iece 812, such that flie probe assembly 818 may slide onto 

7 the shaft 820 of the handpiece 812 and snap into the linear 841 and rotational 840 

8 grooves, 

9 Figures 57 and 58 illustrate top and side views, respectively, of the assembled 

10 exemplary handpiece 8 12. 

11 Figures 59 and 60 illustrate top and side cross-sectional views, respectively, of the 

12 assembled exemplary handpiece 812. 

13 Figurc 61 iUustiates a cutaway view ofanexemplaiy base unit 811 in an 

14 exemplary digital measuring system consistent with tiie present invention. The base unit 

15 811 comprises a power supply 850 (the system may be battery or AC-line powered), a 

16 paperroll 851, athermal printer 852, a feed loop dowel 853 for tbrcading the paper roll 

17 85 1 into the thermal printer 852, a set of controls or buttons 854, and one or more 

18 displays 855 (e.g., LED/LCD). The base unit 811 further comprises ^propriate 

19 hardware and/or software to conq)arc measured values to known values, as well as to 

20 conq)are sweeps to one another to ensure procedural accuracy. Further, the displays 855 

21 and/or paper printouts from the diermal printer 852 may be adapted to display to the user, 

22 based on measured data, die ideal size ofthe generic inq)lant to use. If acustominiplant 

23 is required, a printout ofihe data set may be generated using the printer 852. Thebase 

24 unit 811 may fiuther comprise oHx&t means of recording data (not shown), e.g., floppy 

25 disk, hard disk, memoiy/flash card, etc., and may further con^rise appropriate hardware 

26 to provide output signals (e.g., via RS-232, USB, etc.) to exJtemsl hardware. Instead of 

27 die strips, heads, and oth^ recording elements described in the exenq)laiy digital system 

28 heremabove, other digital measurement methods niay be iised, including re^ 

29 or sound mediods, and percutaneous methods (e.g., using a hypodermic needle in 
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1 coiy unction with an MRI, CT, ultrasound, or other scannmg method, wfaerem the needle 

2 or other handheld device conq)rises sensing elements for mq>ping tiie articular sur&ce). 

3 It should be noted tiiat in the digital measuring system and method described 

4 herdnabove (as well as any of the mapping/measuring techniques herein), a second (or 

5 tiiird, etc.) set of data points may be taken, and the subsequent set(s) of data points 

6 compared with the original data points taken, to reduce the margin of error from taking 

7 only a single set of data points. Thus, a software algoritiim in a system or method 

8 consistent with the invention may conqnise appropriate routines to effect such 

9 comparisons, for error reduction purposes. 

1 0 Those sidlled in the art will recognize that the present invention is subjeqt to other 

1 1 modifications and/or alterations, all of which are deemed within the scope of the present 

12 invention, as defined in the hereinafter appended claims. 

13 What is claimed is: 
14 
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1 1. A gmde device for locating a worldng axis substantias^ 

2 articular surface of bone, said device comprising: 

3 a shaft having an end and an aiming feature for projecting an axis; and 

4 a contact sur&ce comprising a plurality ofpoints radially extending fiom the 

5 aiming feature of said sha^ 

6 wherein said plur^ity of points of said contact sur&ce surrounds a defect in an 

7 articular surface. 

8 2. A guide device as claimed in claim 1, wherein said contact sur&ce is formed by a 

9 generally toroidal member coupled to tiie end of said shaft. 

10 3. A gmde device as claimed in claim 1, wherein said contact surface comprises 

1 1 least one fin, projection, or deformable element. 

12 4. A gdde device as claimed in claim 1, wherein said shaft is cannulated, and 

13 ^erdn said guide device is ad^ted to receive a tool for creating a pilot hole through 

14 < said cannulated shaft and permit said tool to be driven substantially normal into an 

15 articular surface of bone vfb&a at least three of said plurality of points of said contact 

16 sur&ce make contact with said articular sur&ce of bone. 

17 5. A guide device as claimed in claim 1, wherein said guide device is adapted to 

1 8 receive a guide pin or wire through said aiming feature and permit said guide pin or wire 

19 to be driven substantially normal into an articular sur&ce of bone M^en at least three of 

20 said phu^ity of points of said contact surface make contact with said articular sur&ce of 

21 bone. 

22 6. A guide device as claimed in claim 1, herein said contact sur&ce comprises at 

23 least one aperture or transparent portion formed therem, pennitdng the viewing of at least 

24 a portion of an articular surface thereflirough. 

25 7« A guide device as claimed in claim 1, wherein said plurality of points of said 

26 contact sur&ce corresponds to the plurality of points making contact with an articular 

27 sur&ce along the perimeter of an implant 
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1 8. A guide device as claimed in claim 1, herein said pluraU 

2 contact sur&cecones|Kmds to the pliiiaUty 

3 an aiticular sur&ce to be temoved. 

4 9. A gmde device for locating a worldng axis substantiaUynoim^ 

5 . articular sm£iceofbone, said device conq)ristng: 

6 a shaft having an aiming feature for projecting an axis; and 

7 a contact sur&ce comprising a plurality of points radially equidistant from the aiming 

8 feature of said shaft 

9 10. A guide device for locating a working axis substantiaUynonnal with respect to an 

10 articular surface of bone, said device comprising: 

11 a shaft having an aiming feature for projecting an axis; and 

12 a contact, sur&ce comprising a plurality of points equidistant from the aiming feature of 

13 said shaft 

14 11. A gmde device for locating a workmg axis substantiaUy normal with respect to an 

15 articular surface of bone, said device con^rising: 



16 a shaft having an end and a central longitudinal axis; and 

17 ^ a contact sui&ce coiiq)rismg a plurality of points radially equidistant firom said 

18 central longitudinal axis. 

19 12. A gmde device for locating a worldng axis substantiaUy normal wi& respect to a 

20 non-spherical articular sur&ce of bone, said device comprising: 

21 a first element having a longitudinal axis and a contact surface mounted to a shaft; 

22 and 

23 a second element with a contact sur&ce movable with respect to Ihe contact 



24 surface of the first element, wherein, when said guide device is placed on a non-spherical 

25 articular surface, both contact sur&ces make contact with said articular sur&ce. 

26 13. A gmde device as clauned in claim 12, wherein each said contact sur&ce 

27 comprises a plurality of arcuate sections of a gmerally toroidal member, wherein said 

28 generally toroidal member is formed when said contact sur&ces make contact with a 

29 locally spherical articular surface. 
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1 14. A guide device as claimed in claim 12, ii^erein one said (X>nta^ 

2 in one direction with lespect to die other said contact sur&ce. 

3 15. A guide device as claimed in claim 12y herein said contact sur&ces are adapted 

4 such diat the contact sur&ce of tiie first element make contact with a ptuiality of points 

5 along eitfaCT one of the AP or ML curves of an articular surfice, while the contact sur&ce 

6 of said second element make contact witii a plurality of points along the other of the AP 

7 or ML curves of said articular surfiice. 

8 16. A guide device as claimed in claim 12, wherein said first or said second element 

9 comprises a cannula, wherein said guide device is ads^ted to receive a tool for creating a 

10 pilot hole tiirough said cannula and permit said tool to be driven substantially normal into 

11 an articular sur&ce of bone. 

12 17. A guide device as claimed in claim 12, herein said first or said second element 

1 3 comprises a cannula, whmin said guide device is adapted to receive a guide pin or wire 

14 through said cannula and pomit said guide pin or wire to be driven substantially normal 

15 into an articular sur&ce of bone. 

16 18. A guide device as claimed in claim 12, wherein said first or said second element 

17 conq>rises at least one aperture or transparent portion formed therein, permittuig the 

18 viewing of at least a portion of an articular sux^e theretiirough. 

19 19. A guide device as claimed in claim 12, wherein the outermost dimmsions of said 

20 contact surfaces surround a defect in an articular sur&ce. 

21 20. A guide device as claimed in claun 15, wherem die plurality of pomts contactmg 

22 said contact surfaces corresponds to tiie plurality of points abutting an articular sur&ce 

23 along the perimeter of an implant 

24 21 . A guide device as claimed in claim 1 5, wherein the plurality of points contacting 

25 said contact surfaces corresponds to the plurality of points along the perimeter of a 

26 portion of an articular surface to be removed. 

27 * 22. A guide device for locating a working axis substantially normal with respect to an 

28 articular sur&ce of bone having an anterior-posterior (AP) curve and a medial-lateral 

29 (ML) curve, said device comprising: 
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1 a canmilated outer shaft, said outer shaft having a central longitudinal axis and an 

2 outer con^)onent at its distal end, said outer conqionent con^rising a set of aims; and 

3 a camulatediimer shaft sUdablydiq>osed within the canniik of s^ 

4 said inner shaft having an inner component at its distal end and sharing the central 

5 longitudinal axis of said outer shaft, said imier component comprising a set of arms. 

6 23. A method for replacing a portion of an articular sur&ce of bone, said method 

7 comprising: 

8 establishing a woddng axis substantially normal to an articular suiftice of bone; 

9 excising only a portion of said articular sur&ce adjacent said axis, thereby 

10 creating an inq)lant site; and 

1 1 installing an artificial implant into said implant site. 

12 24. A method as claimed in claim 23, wherein said implant comprises a bone-fticing 

13 distal su]:ftusead£^ted to mate with said iixq>lant site, said sur&ce conq)ri^ 

14 mating feature; and a proximal surftice having a contour substantially matching or based 

15 on the original surftice contour of said excised portion of said articular sui&ce. 

16 25. A method as claimed in clahn 24, wherein said matmg feature is selected from the 

17 groiq) consisting of: baibs, threads, ribs, fins, milled slots, tiered distal features, features 

18 to prevent rotational movement of said in^lant, or features to increase friction and/or 

19 contact sur&ce between said implant and the spcrtarc at said inqplant site. 

20 26. A method for rq>lacing a portion of an articular surface of bone, said method 

21 comprising: 

22 establishing a working axis substantially normal to an articular surface of bone; 

23 excismg only a portion of said articular sur&ce adjacent said axis, tiiereby 

24 creating an iaxplaaat site; 

25 selecting an implant corresponding to the dimensions of said implant site from a 

26 set of variously-sized implants; and 

27 installing said selected implant into said implant site. 
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1 27. A method as claimed in claim 26, wherein sdd establishing^ 

2 using a tool comprising a shaft having an aiming feature and a distal sur&ce comprising a 

3 pluraUtyofpointsiadiaUy extending fiomsdd aiming feature. 

4 28. A method as claimed in claim 26, wherein said implant comprises a bone^&cing 

5 distal sur&ce adapted to mate with said implant site, said sur&ce con^rising at least one 

6 mating feature; and a proximal surface having a contoiir substantially matching or based 

7 on the original surface contour of said excised portion of said articular sur&ce. 

8 29. A method as claimed in claim 28, wherein said mating feature is at least one of 

9 the features selected fiom the groi^ comprising: barbs, threads, ribs, fins, milled slots, 

10 tapered distal features, features to prevent rotational movement of said in^lant, or 

1 1 features to increase friction between said inq>lant and the aperture at said inq>lant site. 

12 30. A mediod as clauned in claim 26, wherein said establishing step is performed 

1 3 using a tool conqmsing a shaft having an end and an aiming feature; and at least one 

14 contact sur&ce coupled to the end of said shaft, said contact surface comprising a 

15 plurality of points radially extending from said aiming feature. 

16 31. A method as claimed in claim 26, wherein said establishing step is performed by 

17 installing a guide pin or wire into said articular sur&ce along said axis. 

IS 32. A method as claimed in claim 26, \^erein said excising step is performed using a 

19 cutting tool that rotates about said axis. 

20 33. A method as claimed in claim 26, wherein said installing step conpises driving a 

21 fixation element into said articular sur&ce along said axis. 

22 34. A method as claimed in claim 33, i^erein said fixation element conq)rises a 

23 mating feature at its proximal end. 

24 35. A method as claimed in claim 33, wherein said fixation element comprises a 

25 screw. 

26 36. A method as claimed in claim 34, wherein said fixation element is ad^ted to 

27 mate, position, or align with an element adapted to aid in the deptfawise positioning of 

28 said fixation element with respect to said articular surface. 
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1 37. A method as claimed in claim 34, \vfaerem said mati^ 

2 position, or align with the distal portion of an inqplant 

3 38. A method as claimed m claim 37, wherein said mating feature is adapted to 

4 prevent movement of said implant with reject to said fixation element 

5 39. A method as claimed in claim 33, wherein said fixation element comprises a 

6 tapered distal feature and/or aggressive distal threads. 

7 40. A method for replacing a portion of an articular surface of bone generally defined 

8 by a first and a second curve, said method coiqprising: 

9 establishing an axis generally normal to the portion of an articular surfiice of bone 

10 to be replaced based on a first curve and a second curve of said articular sur&ce; 

1 1 excising only a portion of said articular sur&ce adjacent said axis, tiiereby 

12 creating an inq>lant site; 

13 fibiicating an artificial imphaat correspondmg to the dimensions of said implant 

14 site; and 

15 installing said artificial implant into said implant site. 

16 41 . A method as claimed in claim 40, wherein said inq>lant comprises a bone-fiusing 

17 distal sur&ce adsqpted to mate witii said implant site, said surface comprising at least one 

18 mating feature; and a proximal sur&ce having a contour substantially matching or based 

19 on the original sur&ce contour of said excised portion of said articular sur&ce. 

20 42. A method as claimed in claim 41, wherem said mating feature is selected fix)m the 

21 group consisting of: baibs, flueads, ribs, fins, milled slots, tapered distal features, features 

22 to prevent rotational movement of said inQ>lant, or features to ina:ease fiiction between 

23 said in^lant and the sqperture at said implant site. 

24 43. A method for replacing a portion of an articular sur&ce of bone generally defined 

25 by a first and a second curve, said method comprismg: 



26 establishing an axis generaUynorinal to tiie portion ofan articular surface of bone 

27 to be rq)laced based on a first curve and a second curve of said articular sur&ce; 

28 excismg only a portion of said articular sur&ce adjacent said axis, thereby 

29 creating an implant site; 
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1 selecting firom a set of variously-sized artificial inqilants an artificial implant 

2 corresponding to the dimensions of said implant site; and 

3 installing said selected implant into said inq)lant site. 

4 44. A metfiod as claimed in claim 43, wherein said first and second curves are 
, 5 anterior-posterior (AP) and medial-lateral (ML) curves. 

6 45. A method as claimed in claim 43, wherein said excising step is performed by 

7 cutting at least a portion of said articular surfiice radially symmetrically about said axis. 

8 46. A method as claimed in claim 43, wherein said inq>Iant conq)rises a bone-&cing 

9 distal sur&ce ad^ted to mate with said implant site, said sur&ce comprising at least one 

10 mating feature; and a proximal sur&ce having a contour substantially matching or based 

11 on tiiie original surfiice contour of said excised portion of said articular sur&ce. 

12 47. A method as claimed in claim 46, wherem said mating feature is selected firom the 

13 group consisting o£ baibs, threads, ribs, fins, milled slots, tapered distal features, features 

14 to prevent rotational movement of said implant, or features to increase fiiction between 

15 said implant and the aperture at said implant site. 

16 48. A method as claimed in claim 43, wherein said establishing step is performed 

1 7 using a tool comprising a first element having an aiming feature and a contact sur&ce 

18 mounted to a shaft, and a second element with a contact surfiice movable with respect to 

19 the contact sur&ce of the first elonent, wherein, when said tool is placed on a non- 
20 spherical articular surfiu^, both contact sur&ces make contact with said articular surfiice. 

21 49. A method as claimed in claim 43, wherein said establishing step is performed by 

22 installing a guide pm or wke into said articular sur&ce along said axis. 

23 SO. A method as claimed in claim 43, wherein said excising step is performed using a 

24 cutting tool that rotates about said axis. 

25 51. A metiiod as claimed in claim 43, wherein said installing stq) comprises drii^ 

26 fixation element into said articular surface along said axis.. 

27 52. A method as claimed in claim 51, wherem said fixation element conq)rises a 

28 mating feature at its proximal end. 
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1 S3. A method as claimed in claim 51, herein said fixation elemm^ 

2 screw. 

3 54. A me&od as claimed in claim 52, wheiein said niatixig feature is 

• 4 position^ or align with an element adapted to aid in the depthwise positioning of said 

5 fixation element with respect to said articular surface. 

6 55. A method as claimed in claun 52, wherein said mating feature is adapted to mate 

7 with the distal portion of an inq>Iant 

8 56. A method as claimed in claim 55, wherein said matiiig feature is adapted to 

9 prevent movement of said inq)lant with respect to said fixation element 

10 57. A metiiod as claiined in claim 51, wherein said fixation element conqprises a 

1 1 te^ered distal feature and/or aggressive distal threads. 

12 58. A tool for holding an implant, said tool conq)rising: 

13 at least one element adapted for connection to an activatable suction source; and 

14 an elastomeric suction Hp adaptod to receive an implant, said tip bemg coupled to 

15 said at least one element. 

16 59. A tool as claimed in claim 58, fiirlfaerconq>rising a rigid tip disposed witi 

17 elastomoic suction tip, whereby a force in the direction of the delivery site of said 

18 implant permits said rigid tip to contact said inoplant while said inqilant is being held by 

19 said suction t^. 

20 60. A method for holding an implant comprising: 

21 coupling a suction source to an implant; and 

22 activating said suction source. 

23 61 . A method for deliveiing an implant comprismg: 

24 coupling an active suction source to an inq)lant; 

25 approximating said implant to its delivety site; and 

26 appfying a force to said inq)lant m the direction of said deliveiy site. 

27 62. A tool for removing an iruplantfiom its delivery site, said tool comprising: 

28 an element with a generally leading edge and a barfo element disposed proximally 

29 to the leading edge; and 
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1 at least one structural element that creates sufficient bias of the leading edge of 

2 die tool to rigidly coi^le to a surfiace of the implant to be removed. 

3 63. A tool as claimed in claim 62, finifaer comprising means for coiq)ling said tool to 

4 a slap hammer or slide hammer capable of applying a pulling force to an implant held at 

5 said barb element 

6 64. A tool for removing an implant fix>m its deUveiysite) said tool conqnising: 

7 a cylindrical structure having an end; said end comprising a longitudinal central 

8 axis, a circular blade portion having a leading edge conqirismg a blade sur&ce turned on 

9 the distal-most portion, and a lip portion disposed proximally with respect to the leading 

10 edge; and 

1 1 a plurality of slits parallel to the longitudinal central axis of said end formed along 

12 the length of said cylmdrical structure, so as to permit sufficient outward expansion of die 

1 3 .distal end to accommodate the top edge of an implant thereiiL 

14 65. A tool as claimed in claun 64, fiirtfaer comprising means for coupling said tool to 

15 a sl^ hammer or slide hammer capable of sqpplying a pulling force to an implant held in 

16 said distal end. 

17 66. A method for removing an unplasA from its delivery site, said method comprising: 

18 disposing the lip portion of the leading edge of the end of a removal tool over the 

19 upper edge of an iniplant seated in its delivery site; and 

20 applying a pulling force to said removal tool. 

21 67. A mefliod as claimed in claim 66, whereui said pulling force is applied using a 

22 slap hammer or slide hammer. 

23 68. A device for measuring a portion of an articular surface of bone, said device 

24 comprising: 

25 ahanc^iece; 

26 a shaft disposed within said handpiece, said shaft comprising a feature for 

27 aligning with a woridng axis or mating to a fixed element; 

28 a contact tip moveably coupled to said shaft; and 

29 at least one measuring element coupled to said contact tip or said shaft. 
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1 69. A device as claimed in claim 68, further Gonq^ 

2 recording measurements taken by said at least one measuring elemrat 

3 70. A device as claimed in claim 69, i^^erein translation and/or rotation of the contact 

4 tip with respect to the handpiece or shaft causes said at least one measuring el^ 

5 measure travel of the contact tip, and the recording means to record at least one 

6 measurement taken by at least one said measuring el^m^t 

7 71. A device as claimed in claim 70, further conqirisingnciachine-readable code to 

.8 analyze said at least one recorded measurement and output to a user the dimensions of an 

9 implant to be used in said articular sur&ce. 

10 72. A device as claimed in claim 70, fiirdierconqirisingniachine-readable code to 

1 1 analyze said at least one recorded measurement and compare said measurement to at least 

12 one previously taken measurement 

13 73. A device as. claimed in claim 70, further comprising machine-readable code to 

14 analyze said at least one recorded measurement, select an implant corresponding to said 

15 at least one measurement from a set of variously-sized inq>lants, and output to a user said 

16 selection. 

17 74. A device for mapping a portion of an articular sur&ce of bone, said device 

18 comprising: 

19 aham^iece; 

20 an inner shaft running along tiie length of and disposed within said handpiece, 

2 1 said inner shaft coixq>rising a mating feature for mating with a fixed element located 

22 substantially normal with respect to an articular surface; 

23 a contact tip slidably and rotatably disposed about said inner shaft; 

24 a rotary measuring element coupled to and rotating with said contact tip; and 

25 a linear measuring element nested concotitrically and coaxially to said rotary 

26 measuriog el^ent, and coupled to and moving linearly witii said contact tip. 
27' 75. A device as claimed in claim 74, further conq)rismg recording means 
28 recording measurements taken by said measuring elements. 
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1 76. Adeviceascl2umedmclaim7S,i?^eremtraxisl^ 

2 tip vnUi respect to the handpiece or shaft causes said measuring elements to measure 

3 travel of the contact tip, and flie recording means records measurements taken by the 

4 measuring elements simultaneously, wh&i the mating feature of said inner shaft is mated 

5 with said fixed element and/or said contact tip is fixably aligned to a woridng axis. 

6 77. A device as claimed in claim 76, fiirdier comprising machme-readable code to 

7 analyze said recorded measurements and output to a user the dimensions of an implant to 

8 be used in said articular surface. 

9 78. A device as claimed in claim 76, fiulher comprising machine-readable code to 

10 analyze said recorded measuiemrats, select an implant conesponding to said 

1 1 measurements fiom a set of variously-sized implants, and output' to a user said selection. 

12 79. A set of guide devices for locatmg a woxkmg axis substantiaUynonnalwif^ 

13 respect to an articular sur&ce of bone or for determining the dimension of an implant to 

14 be installed in an articular surface of bone, said set comprising: 

15 a plurality of variously dimensioned guide devices, each said guide device having 

16 a handling tab or shaft and a contact sur&ce; said contact sur&ce contusing a plurality 

17 of points radially extendmg fiom said handling tab or sha^ wherein, when at least one 

18 said guide device is placed on an articular sur&ce, said contact sur&ce mak^ contact 

19 with said articular sur&ce, and said plurality of pomts of said contact sur&ce surrounds a 

20 defect in said articular surface. 

21 80. A set of guide devices as claimed in claim 79, wherein said ptuiality of pomts of 

22 at least one said guide device do not all lie in the same plane. 
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